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This work was sponsored by the Science and Engineering 
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ABSTRACT 
WIGAN; M.R. (1983). Information technology and transport: 
what research needs to be started now? 
The ten week period from 9th October to 19th December 1982 was 
spent as Visiting Fellow at Leeds University at the 
Institute for Transport Studies; to examine the opportunities 
for research into the effects of information technology on 
transport and the interactions between them. This Fellowship was 
sponsored by the Science and Engineering Research Council (UK) 
and the Australian Road Research Board with additional support 
from Oxford Sytematics (Australia). 
This report reviews the scope for research in this area; 
with particular emphasis on identifying workable project 
directions in the Institute for Transport Studies (ITS). 
Appropriate contacts and related work are given. Topics covered 
include data acquisition systems (including the potential for 
hand-held data capture devices; and the use of aural, visual and 
micro-wave wavelengths in capturing data): data processing and 
comunications policy appropriate to the Institute' s 
requirements; the role of knowledge-based systems; and the 
analysis of the relation between communications and transport 
activities in respect of time-use and expenditure patterns. 
A number of the research proposals raised and put to ITS 
staff during the period are summarised in an Annex to this report 
(ITS ~echnical Note TN 126). The summaries and texts of a series 
of seminars given during November-December 1982 at ITS are 
covered in a companion document (ITS Working Paper WP169). 
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INFORMATION TECHNOLOGY AND TRANSPORT: 
WHAT RESEARCH NEEDS TO BE STARTED NOW ? 
1. INTRODUCTION 
A proposal was put to the UK Science and Engineering Research 
Council in mid-1982 for the author to come to Leeds for three 
months of the academic year 1982-3. The objectives were to 
accelerate and advance the work at the University's Institute for 
Transport Studies (ITS) in identifying and initiating necessary 
research in the overlapping areas of transport and information 
technology. 
This proposal was accepted; and the ten week period from 
9th October to 19th December 1982 was spent as Visiting Fellow 
at Leeds University at the Institute for Transport 
Studies; to examine the research opportunities for transport 
and information technology interactions and influences. The 
results of these initiatives and the minor amendments to the 
texts of December 1982 were pursued in the last weeks of June 
1983 on a return visit to Leeds. 
This Fellowship was sponsored by the UK Science and 
Engineering Research Council (SERC) with the Australian Road 
Research Board (ARRB); and additional support was provided by 
Oxford Systematics (Australia). It became the third project 
undertaken by ITS on the impact of communications technology on 
transport (see Section 1.1). 
The initial period of the Fellowship was spent on 
obtaining an understanding of the nature of the changes 
in Information Technology which will or are already beginning to 
change the way in which activities are served by 
transport and by telecommunications. 
The convergent fields of computer communication; 
telecommunications; publishing; information retrieval; working 
patterns and transport movements are changing so swiftly that to 
obtain even a partial picture of the active initiatives in the UK 
proved to be a demanding task for the time available. 
Now that the real costs of telecommunications are becoming 
more competitive with those of transport; there will be an 
increasing need to extend the range of skills and experience of 
transport researchers into the telecommunications area. To 
assist in this process; a series of five seminars were given 
whilst at Leeds during ~ovember/~ecember 1983. A companion 
document (WP169; Wigan 1983h) summarises - and in some cases 
extends - the text of these seminars. 
The present document (WP172) provides initial views on 
workable project'directions in which ITS could move; and gives 
some contacts and references. The projects were specifically 
designed to build on the extant expertise and experience of the 
Institute; rather than to be a general view of research 
priorities in the area of interaction of transport with 
information technology or telecommunications. The project 
selections discussed were thus designed to address both the needs 
in the area and to enhance the knowledge; data and experience 
base available to the Institute. An Annex (TN126; Wigan 1983i) 
suggests specifications for some of the research opportunities 
identified. 
The present report is a summary of a learning process over 
the ten weeks to December 1982-(of the twelve week total period 
involved). Some minor changes; additions and amendments have been 
made to both documents while at Leeds during the last two weeks 
of the Fellowship (in June 1983). By this date a considerable 
number of the proposed initiatives had been set under way. 
The perspective achieved during this concentrated period of 
attention to IT issues and transport has led to several papers; 
reports and other contributions during the period January-June 
1983; when the author had returned to duty at the ARRB in 
Australia. These included the following items; largely reliant on 
the subject matter covered during the Fellowship. 
1) A chapter for the published summary of the twolyear 
IIASA program on Regional Information Systems (Wigan; 
1983a). 
2) A paper for the World Conference on Transport Research 
(Wigan; 1983b). 
3) A panel address on the impact of computer technology 
on the engineering profession at the National 
Conference of the Australian Institution of Engineers. 
(Wigan; 1983~); which is now likely to appear in the 
transactions of both the Australian and the New 
Zealand Institutions. It is under review for the 
former; and has already been requested for the latter. 
4 A direct transcript of the seminar on electronic mail 
and computer conferencing was produced at Leeds 
subsequent to the departure of the author; and has 
gained wide circulation amongst members of the UK 
Universities Transport Studies Group. (Wigan; 1982b; 
198311). 
5 )  A paper for the CIB79 Working Group International 
Meeting in Waterloo in July 1983. (Wigan; 1983e). 
6 An illustrative analysis of the interconnections 
between various aspects of a research organisation 
affected by information technology changes; and the 
areas of potential productivity gain. This is given in 
full in the associated .-. . Working Paper (WP169; Wigan 
1983h). 
7 A seminar on Electronic Publishing to the Central 
Editorial Group of CSIRO (which publishes 14 Journals 
as one aspect of its activities): a subsequent 
request was received to act as a keynote speaker at 
December 1983 National Libraries and Automation 
Conference in Melbourne; Australia. 
1.1 RELATED WORK AT THE INSTITUTE FOR TRANSPORT STUDIES 
The first ITS work in the area was a project by R. Allport and 
K.M. Gwilliam (1981-2) as a contribution to the EEC FAST program, 
in which a number of transport impact areas were identified as 
needing attention. In October 1983; a couple of weeks after 
the start of this Fellowship; ITS initated work on its 
second contract in this area. The contractor is the British 
Telecom Research Laboratories (BTRL); and the objective of the 
project is to monitor the impacts of Video Conferencing; with 
specific reference to the compressed band-width video- 
conferencing system developed by R16 Divison of BTRL. This 
project is being carried out by P.W. Bonsall and D.J. Bennison. 
Since the Fellowship commenced; the Institute has sought and 
been allocated a research post on the Application of Artificial 
Intelligence Techniques in Transport. External operational and 
funding bodies have also invited ITS to make proposals for work 
on other aspects of IT and ~ransport/Communications. It is 
thought that such developments were assisted by the discussion; 
seminars and initiatives proposed in late 1982 and by the initial 
draft of this document (Wigan; 1983f). 
It would therefore appear that the initiative was well 
timed; and has been effective and productive for both the UK and 
the Australian sponsors. 
2 .  MARKET SEGMENTS 
The information technology changes which are of greatest 
significance to transport can be treated in several ways. It is 
useful to give a classification scheme; and then make some 
tentative rough and ready judgements as to how best to proceed. 
The major areas are: 
Data acquisition 
Data colmnunication 
Location substitution 
Activity substitution 
Expenditure changes 
Time use changes 
To which should be added the issues of workforce 
participation rates (especzally for female workers); lifestyle 
alterations; and impacts on privacy and behaviour. Changes in 
business content; practice and ethical behaviour might also 
arise; given the increased effectiveness of information access; 
and the ability to correlate and selectively apply information. A 
further major issue is that of information economics; and the 
associated costs; benefits; impacts; distributional effects; 
efficiency and quality measures of information flow. 
As an overall point; it is clear that present data sources 
have not been adequately exploited as yet. Also; the expertise 
developed in transport as a discipline could be put to good use 
in monitoring studies of time use; location and activity choice 
behaviour. 
3. DATA ACQUISITION 
Under the heading of data acquisition there are two major factors 
to be considered: increased productivity of the research 
workers; and new methods and devices for data acquisition 
which will require research; and the application of new IT 
capabilities in transport contexts as intrinsic components of 
new monitoring and control systems. 
Modular instrumentation systems for travel time; road 
roughness; and fuel consumption etc have been proven in the 
field and are now available as production versions. They could be 
employed to improve the productivity of data collection and 
processing in ITS. They could also be used far more effectively 
in an applied manner as part of the regular maintainence; 
monitoring; and operational organisation of many transport 
authorities; for such applications as: 
- travel time and fuel consumption systems for congestion 
monitoring; 
- road roughness measurement at speed for road maintainance 
studies. 
Within Universities many other Departments; and specifically 
Departments of Electronic Engineering; have similar needs; and 
an active interest in subsequent complementary special: 
purpose board development exercises for further applications. 
For field data capture; the use of transducers and of hand: 
held devices with keyboard data entry are the most obvious means 
by which information technology can be most directly and readily 
applied to transport and traffic data acquisition. The less- 
developed areas of data acquisition are visual and aural. The 
Department of Electrical and Electronic Engineering at Leeds has 
an interest in such areas; but these are well supported by other 
disciplines in an applied manner; and unless specific image 
reduction and encoding applications were in prospect; this 
would probably not be an entirely appropriate or productive 
route to follow at the ITS unless staff with a recent physical 
science or electrical engin*e.ring experience were to be brought 
in. If this were to be doneithe technical support required would 
be cumulatively significant; and so in these areas it is probable 
that ITS should in general not take the lead role; but actively 
participate in cooperative inter-departmental initiatives. 
After reviewing; in 3.1; the scope for direct data capture 
in the field; using transducers and key-board entry devices; 
data-capture will be reviewed in the remaining sections in order 
of decreasing wavelengths of the media concerned. 
3.1 FIELD DATA CAPTURE 
One of the key areas for exploiting IT is in carrying 
intelligence into the field in computer aided forms. There are 
numerous areas in traffic and transport research where data must 
be gathered in a tailored manner; and then subsequently 
transcribed into machine-readable format. This need is quite 
separate from the data acquisition requirements so readily 
covered by systematically field tested modular microprocessor 
controlled data logging systems suitable for limited 
production runs; as exemplified by the ARRB AMBDAS family of 
production systems developed originally for research projects 
(eg Richards (1980) ; de Vos (1982 a;b) ) . 
Such systems as AMBDAS (developeed by the Australian Road 
Research Board) and similar commercial products marketed by 
Golden River provide an effective gain in productivity and in 
the accuracy of acquisition of physical data (such as road 
alignment and geometry; driver responses; fuel consumption and 
dynamic axle and wheel loadings). However; for transport survey 
applications; an ideal specification of a point of application 
support tool would be somewhat different. 
An ideal device for these tasks is a portable computer 
with a full keyboard and good data entry facilities; battery 
supported (or bubble) memory ; backup storage facilities on the 
machine; and with some form of written or printed log of the 
information; with comments where required. Clearly a 
clock/date stamp is necessary; and it would be desirable to 
have a ready means of transferring the data so obtained 
without special ancilliary equipment (E.g. the MFE digital 
cassette readers used at ARRB for AMBDAS cassette data transfer 
to mainframes (de Vos; 198213) ) . 
This functional requirement was identified by the author 
prior to the UK launch of the Epson HX-20 handheld computer 
during the term of this Fellowship. It may be confidentally 
expected that this functional requirement will be addressed by an 
increasing number of manufacturers; Epson being only the first; 
The HX-20 is based on the instruction set of the Hitachi 
6301 processor. This is implemeted in CMOS and has the same 
instruction set as the Motorola 6801. This system meets all 
of the above requirements; --,and has one or two extra features 
further confirming its suitability for field data 
acquisition. As an indication of the author's confidence in 
this functional device; personal funds were used to acquire an 
HX20 in October 1982; and test out the potential capabilities 
inherent in the specifications. 
Since then; Epson have released a graphics-oriented "base" 
machine (QX-20) with explicit provision for direct 
downloading of data from the HX-20 and with networking support 
for the HX-20 itself. This product appeared in June 1983, and 
quickly gained wide endorsement. 
Consequently; the specifications for a field transport 
survey support device have all been met, and it is recommended 
that HX-20s (or their equivalents when action is financially 
possible) be obtained and used for field data capture within the 
ITS. Given that adequate knowledge is gained over time; by 
using the training facilities of the University of Leeds 
Microsystems Unit; the ROM (Read Only Memory) customisation 
features can be used to make the entire system appear to be 
a self-prompting single purpose device to the field user. The 
necessary cross-assemblers for the 6800 series microprocessors 
are already available on the MSU PDP 11/44 UNIX system on 
the Leeds TAC (Terminal Access Controller) system which links 
together most of the major computing resources of the University. 
The key features of confirmed value in the Epson HX-20 
include : 
(1) 50 hour life of programs in memory between trickle 
charges of the built-in NiCad battery. 
(2) Upper and lower case display of a windowed screen 
(3) Room for a 2764 (8kb) ROM to be added 
inside the casing as customised by the user: a 
further ROM Pack can be added in place of the 
microcassette. 
(4) High speed terminal data transfer at 4800 baud 
WITHOUT handshaking; for all 7 and 8 bit ;stop bit 
and parity variations without data loss(provided 
that the recent ( mid-1983) System ROMs are used. 
Some of the obvious applications might include 
registration data capture with a time stamp; cordon surveys; 
parking accumulation data; some interview data collection and 
survey control procedures. 
In-car applications also appear to be promising; as the HXL 
20 has been operated effectively in moving cars and in heavy 
traffic where substantial electronic interference is rife. 
A major automotive ignition firms are curiently assessing the 
use of modified HX-20's for their own data acquisition needs 
in the field. 
This market will not remain . (and; as of mid 1983; has not 
remained) empty for long: the National PanaSonic "Quasar" hand 
held computer has already been on the market for some time; and 
is available as a briefcase model with acoustic coupler; colour 
printer; and TV adaptors... all with battery backup if required. 
However; the HHC itself is patterned more on a calculator 
keyboard than the full typewriter keyboard offerred by Epson. 
Other systems; such as the Tandy 799 US $ system with a built in 
(US) Modem; and the even smaller Sharp 1500 series of systems 
have already appeared by mid 1983. 
- 
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Hewlett-Packard have also launched the first in their own 
series of hand held computers; with the impressive HP 75; This 
machine has been aimed at a different market again; and it is 
clear by comparison how Epson have specifically aimed their 
product at data acquisition and cormnunications usage. 
The recommendations at this stage are : 
REC. 1) To acquire a instrumentation system designed for field 
data acquisition of data types requiring transducers; of proven 
reliability ; as long as it is: 
a) Modular 
b) Expandable 
c )  Supported 
d) FULLY DOCUMENTED for maintainence and extension 
If ALL of these conditions cannot be met; it is 
unlikely that any such data acquisition system will be 
manpower-cost effective for ITS to obtain; set up; use; 
maintain and have extended. There is a reasonable possibility 
that the ARRB AMBDAS systems may be able to fulfil the full 
range of the immediate requirements within the support 
capabilities of the staff to hand . in collaborating Departments. 
The major problem with many such systems is likely 
to be requirement d); in view of the commercial aspects of 
these fully developed sets of equipment. Joint commercial 
development of additional modules in whatever system is obtained 
would of course overcome this potential problem; but is likely to 
be the province of the Electrical and Electronic Engineering 
Department in most cases; although much of the software for use 
of the data so collected would be expected to come from the 
ITS. It is of interest to note that the Australian UNISON MC68000 
based system is predicated on such a philosophy of joint 
development of hardware and sofware on the UNISON bus (based on 
EuroCard modules; and thus suitable for in vehicle usage). 
REC; 2 )  To acquire one or more HX-20 Epson portable systems for 
applied use in the field. In view of the need for 
tailored software; and at a later stage Hitachi 
6301 assembler Code development; this should be done in 
collaboration with the Microprocessor Support Unit 
when a ROM development stage is reached. A suitable 
CP/M cross-assembler for the 6801 is now available 
for 280/8080 microcomputers. This is based on the 
public domain 6800 Cross Assembler in the BDS-C user 
group library (Colley; 1980). This has now been cleared 
of errors; and enhanced to cover RCA 1802 and M6801 
processors by H. Schultes (1982). It has been available 
from either H.Schultes or the author in Melbourne since 
early 1983. 
There are many other applications for this class of 
device; and as it has already proved possible to demonstrate 
high speed data transfer to the APPLE (by using the Epson as a 
smart terminal); it should be noted that the ITS must also firm 
up a policy for its own internal data and text processing to 
follow through the issues raised above. 
REC. 3) Different means of data acquisition are also worth 
following .up; but probably after the lead of another 
Department. Data acquisition by image processing and 
voice recognition are no longer impractical; but are 
still substantially in the research domain. Image data 
capture is proceeding in many areas very much as an 
applied rather than a research task; and the aspect 
worth most specific attention from the ITS is in the 
application of surveillance technology. Image processing 
techniques now allow the use even of the APPLE for 
useful tasks (Masuoka; 1982) from LandSat images; and 
the techniques developed in a number of fields; 
including radar (Okkes and Schotter; 1982) can now be 
applied rather than have to developed prior to use in 
transport research applications. 
The potential for aural; visual and micro-wave data capture 
will be reviewed in the remaining sections. 
-. . 
3.2 AURAL DATA CAPTURE 
Aural applications of IT in data capture take on two distinct 
aspects. The first requires the use of speech recognition 
techniques: the capture of data by speaking to a device 
which recognises the verbal information: the second requires 
the use of speech synthesis to issue generated information or 
commands on the basis of data acquired by a range of sensors or 
sources. 
Succesful aural data capture area is extremely 
difficult. Speech recognition is still at an early state of 
development, but Logica have developed a system under 
contract to the Government's Joint Speech Research Unit 
(JSRU), which offers a sound opportunity for research into 
the efficacy of this means of data capture in the field, as 
field tape recordings may subsequently be analysed in the 
Laboratory. Texas Instruments have very recently announced a 
32 bit bipolar co-processor specifically for audio signal 
processing in conjunction with their new Pegasus Personal 
Computer; based on the Intel 8088 central processor. 
The Logica machine is in principle a very high speed 
filtering and computation system; the early prospects for a hand 
held field device are at this stage dim. The question worth 
addressing is the effectiveness of CAPTURING data by voice; 
with subsequent analysis in the laboratory. The problems of 
background noise; multiple voices being recognised for a 
standard set of words etc are all research questions in which ITS 
and the Department of Linguistics and Phonetics at Leeds 
University have a complementary interest. 
Thus : 
REC; 4) Set up field recordings and subsequent laboratory 
experiments on speech recognition and retrieval using 
the Logica and other systems as research tools. This 
should if possible be done in close co-operation with 
speech research specialists. 
The Institute for Transport Studies initiated a suitable 
research proposal to SERC for such an evaluation: this was 
awarded in mid-1983. 
3.3 VISUAL DATA ACQUISITION 
Visual data acquisition at present demands substantial manpower. 
Assistance in the data capture tasks and even more for data 
transcription would be a major advance. It would also enable a 
wider range of measures to be brought into play for both 
the monitoring and the control of the operation and use of 
transport systems and fixed facilities. Portable systems would 
clearly be of substantial practical value to operators in the 
field. .-. .. 
Such assistance might be obtainable from the fields of 
astronomy and surveillance. For example; a compact (lllb all up) 
3.5" Matsukov field telescope with Barlow lenses; to match 
resolution to 625 line video separation (giving about 8000mm 
focal length for a standard Questar 3.5"; for example); provides 
the capability of reading and recording on video tape 
registration numbers at 2km. 
This sort of device is regularly attached to remote 
controls; and would appear to provide an ideal means of data 
acquisition for visual recording situations where close contact 
is either difficult or undesirable. 
The Questar (in both 3.5" and 7" models) is effectively a 
standard for surveillance work; due to their extremely high 
quality optics and their portability and robustness. The UK 
Questar telescope importer (Dr Lancaster; Harpenden) is also a 
surveillance video specialist; and makes regular use of the 
combination of a small telescope and video surveillance 
equipment. 
The UK Home Office; in the Police Scientific Branch; have 
also reached a near-practical level for registration number 
recognition from continuous video camera imagery linked to 
an online computer containing stolen car registration 
numbers. Such combinations of technologies would therefore 
appear to be timely for research applications. 
The author is producing a specific research program for the 
progressive development and application of the combination of 
telescope; image intensifier; loop or optical presence detectors; 
line detectors and CCD cameras; frame grabbers and temporal noise 
filters for vehicle detection and identification purposes. The 
use of an Arlunya temporal image noise reduction device also 
offers the simultaneous opportunity to adopt line detectors for 
the scanning process. This report will be available to SERC; but 
is being completed at ARRB as a possible research proposal for 
that organisation to consider; as much of the necessary equipment 
and the links with image processing chip development at the CSIRO 
Division of Manufacturing Technology make this an appropriate 
project to pursue. The special needs of Australian authorities 
for an effective means of identifying vehicles in conjunction 
with their axle loadings; and on roads with little traffic; make 
this an excellent project for that country. The technique has a 
similarly desirable; but different; pattern ofapplications in 
the UK; and should also be pursued at the ITS. International 
collaboration would clearly be assured. Another key item 
required for this line of work is the use of either frame 
grabber techniques or direct image acquisition using either 
linear arrays or Charge Coupled Device Video cameras. 
These cameras capture the video image in a directly encoded 
digitised format; and thus are ideal for data acquisition. 
The costs of CCD camers of adequate resolution are now dropping 
very swiftly; and they-,h.ave become a practical and cost 
effective alternative for many purposes at present and 
projected 1983 prices. The use of ordinary video tape systems 
in conjuction with subsequent computer aided encoding of the 
data to be captured has been used by many workers; including 
Troutbeck's work on vehicle overtaking behaviour at the ARRB and 
the commercial UK Wootton-Jefferys VISTA system (Wootton and 
Potter; 1981) based on APPLE or DEC P D P ~ ~ / v O ~  computers. 
The more promising line of work for further 
investigation is exemplified by that at the University of 
Louvain (Theuwissen; Vits and Vermeiren; 1980a;b); who have used 
CCD cameras with 72 x 128 point arrays in a pilot study 
aimed at traffic flow monitoring. The full resolution 
capacity of a domestic TV camera is now effectively available 
in CCD technology; and with the experience of the Louvain 
group to draw upon; can confidently be recommended as a further 
ITS proposal. Louvain themselves have gone further; to a slightly 
higher matrix density; and arenow mounting a commercial 
production agreement using the special purpose chips that they 
have designed. Full details of this work are therefore 
unavailable. Sheffield University have made some initial progress 
on the direct interfacing of CCD devices to video recording of 
frames for other traffic purposes; but the addition of image 
processing and shape recognition techniques with image 
intensification and temporal filtering has been part of their 
program. The development of suitable image processing software is 
an active concern in the Electrical and Electronic Engineering 
Department at Leeds, and they should form a part of any project 
set up at the ITS or at Leeds. 
Thus : 
REC; 5) Development of CCD or Video Camera based remote 
data acquisition equipment; and research and 
development to produce traffic monitoring; sampling; 
and other image processing techniques for 
research and field applications in traffic; transport 
and behaviour observation. 
3.4 MICROWAVE DATA ACQUISITION 
Moving up the frequency spectrum from the short wavelengths of 
light to microwave frequencies; microwave scanners now provide 
quite phenomenally effective target processing and identification 
capabilities in the military field; and low cost intelligent 
microwave scanners should now be applied more efficiently to 
traffic detection and identification. 
In the mundane task of vehicle counting and identification; 
road loops are still not entirely satisfactory; and even then 
require works on the road for the most temporary site. The 
pneumatic tube counters are prone to vanda1ism;errors;and abuse 
and have but a mixed history +. . of collecting reliable data where 
year .  t o  year records a r e  not  ava i lab le  f o r  correc t ions  t o  be 
made. Vehicle i d e n t i f i c a t i o n  and ax le  counting a r e  both 
increas ingly  important;  a s  i s  t h e  requirement f o r  ax le  LOAD 
recording. 
In  the  a rea  of temporary t r a f f i c  counting and detec t ion;  
t h e r e  i s  c e r t a i n l y  room f o r  a non contact ;  non inductive system: 
microwave scanners may well  provide an a l t e r n a t i v e  route t o  t h i s  
end. 
Thus : 
REC. 6 )  Specify t h e  range and capab i l i t y  envelopes of vehic le  
de tec t ion  and i d e n t i f i c a t i o n  systems; and i n i t i a t e  work 
t o  assess  microwave scanning i n  t h i s  r o l e .  
REC; 7 )  Specify t h e  range and capab i l i t y  envelopes of dynamic 
vehic le  ax l e  load de tec to rs ;  and draw up an economic 
(app l ica t ion)  system f o r  most e f f e c t i v e  combination of 
axle  load de tec t ion ;  vehic le  i d e n t i f i c a t i o n ;  road / 
load taxa t ion  and enforcement. 
3.5 THE ROLE OF ' I T '  I N  TRAINING AND EDUCATION 
The app l ica t ion  of s traightforward video records i n  
conjunction with f u l l y  equipped simulation of noise v ib ra t ion  
and angular movement has long been used fo r  a i r c r a f t  p i l o t  
t r a in ing ;  and has  occas ional ly  been proposed a s  t h e  b a s i s  of 
improved c a r  d r i v e r  t r a in ing .  The rap id  advances i n  
communications and da t a  processing technology have brought with 
them a considerably reduced l eve l  of cos t  f o r  such systems; and 
t h e  appl ica t ion of these  techniques t o  human f ac to r s  research i n  
t r anspo r t  t r a f f i c  and s a f e ty  i s  now p r a c t i c a l .  Simple e f f o r t s  
i n  t h i s  d i r ec t i on  have been reported by Van der  Horst (1980); 
f o r  example; who used only video tapes  and a l a rge  screen f o r  
c o n f l i c t  manouevre da t a  co l lec t ion .  Considerably b e t t e r  q u a l i t y  
r e s u l t s  can now be obtained economically; and the  use of 
powerful graphics and da ta  processing equipment now permits 
automatic da ta  gathering and responsive "experiments" t o  be 
ca r r i ed  ou t ;  with t e s t s  of control  s t r a t e g i e s .  
This l i n e  of work has considerable po t en t i a l  f o r  computer 
aided education; and; i n  conjunction with i n t e r a c t i v e  videodiscs 
and transducers;  permits immediate s e l f  t r a i n i n g  t r a n s f e r  of 
f indings t o  t h e  f i e l d .  It i s  well understood t h a t  expert  
educational input  w i l l  be necessary t o  make such a philosophy 
ul t imate ly  e f f e c t i v e  f o r  a broad range of t a r g e t  audiences; 
bu t  f o r  t h e  expensive s t a f f  so  o f t en  involved t h i s  ex t r a  
overhead might well  be p ro f i t ab ly  delayed t o  a l a t e r  s t age .  
Such work should a l s o  be done i n  conjunction with l i b r a r y  
and information exper ts ;  a s  t h e  s e l ec t i ve  use of t h e  mass 
information ava i lab le  i n  f a s t  access v i sua l  format on a 
random access videodisc i s  f a r  l a rger  than most people have 
. 
immediately t o  hand. S t r a t e g i e s  f o r  making t h i s  80;0000 frame 
$25 consumer product ( t h e  d i s c )  a  t r u l y  e f f e c t i v e  means 
of i n t e r a c t i v e  information access r a t h e r  than a simple 
reference  l i s t  of f i lmc l ips ;  s t i l l s  and t e x t  frames w i l l  be of 
considerable value. 
This convergence of technologies i s  now r a i s i n g  t he  
quest ions of t h e  r o l e  and use of l i b r a r i e s .  L ib ra r i e s  of DATA 
( a s  d i s t i n c t  from da ta  banks o r  information u t i l i t i e s  per  s e )  
a r e  now becoming important. The SSRC Data Archive a t  Essex 
Universi ty being one example; bu t  t h e  i s sues  discussed 
f u r t h e r  i n  Section 5 of t h e  complementary paper (Wigan 
1983d). r a i s e  the quest ions  of document de l i ve ry  i n  terms 
indis t inguishable  from t h e  loca t iona l  impacts on bus iness  
operat ions of g r e a t e r  I T  adoption. The County Surveyors Trip 
Data Bank i s  one o f  t h e  holdings of t he  Data Archive; and t h e  
Regional Highway T r a f f i c  Model Data Bank covers over 40;000 
households over t h e  country; and t h e  production of e f f e c t i v e  
software t o  make e f f i c i e n t  applied use of t h e  increas ing access 
t o  mass da t a  of t h i s  type  has  s t i l l  not  been faced. I t  should 
be.  
Information r e t r i e v a l  and Library people would 
t he r e fo re  be p r o f i t a b l y  involved i n  some aspec t s  of da ta  
acqu i s i t i on  and s torage  developments. It i s  s i g n i f i c a n t  t h a t  t he  
B r i t i s h  Library i s  al ready taking a lead with t h e  BLEND computer 
conferencing and e l ec t ron i c  publishing p ro j ec t  a t  Loughborough 
and Birmingham Univers i t i e s  - another area  of demonstrable 
overlap of se rv ice  and app l ica t ion  i n t e r e s t s  i n  I T  i n  a  
s c i e n t i f i c ;  product iv i ty ;  and information t r a n s f e r  r o l e .  
One of t he  a r ea s  of over lap  i s  i n  t h e  d i r e c t  capture  of 
wr i t t en  and p r in ted  information onto magnetic media. The KDEM 
Kurzwiel equipment ava i l ab l e  t o  the  Univers i t i e s  a t  Oxford 
Universi ty Computing Centre i s  able  t o  handle much of  t h i s ;  
and work t o  reduce wr i t t en  manuals of opera t ion  ( a s  one 
example) of t r anspo r t  veh ic les  t o  a  magnetic medium; ands t h e  
subsequent development of software t o  l i n k  sensor da ta  t o  give 
s e l e c t i v e  au ra l  warnings o r  advice t o  t he  d r ive r  of t he  veh ic le  
i s  a s imp l i s t i c  i l l u s t r a t i o n  of t h e  conjunction between t h e  
d i f f e r e n t  types of s k i l l s  and .d i sc ip l ines  now convergent i n  
app l ica t ion  through I T  technology. The c o s t s  of such da t a  capture  
devices a r e  dropping very quickly;  and products t o  t r a n s f e r  up t o  
f i v e  mixed fon t s  a t  a  time t o  floppy d i s c s  a r e  a l ready being 
o f fe r red  a t  about $12;500 US. 
3.6 HUMAN FACTORS ASPECTS 
Clear ly ;  i n  order  t o  apply information technology t o  extend the  
range and e f fec t iveness  of t h e  information reaching a d r i v e r ;  t h e  
g r e a t e s t  e f f o r t  should be d i r ec t ed  t o  working out  t he  b e s t  way 
of present ing information t o  t h e  d r ive r ;  r a t h e r  than t o  t h e  
hardware i t s e l f  (though these  two l i n e s  of work cannot be done i n  
i s o l a t i o n  from each o t h e r ) .  The research evidence i s  t h a t  t he  
d r iv ing  t a sk  i s  a heavy one; and t h a t  ex t r a  information on a 
supplementary channel (eg audio) can be of e f f e c t i v e  value i f  it 
complements t h e  s igna l s  being sought; I f  t h e  v i s u a l  and au ra l  
channels a r e  presented with orthogonal information types t he re  i s  
l i t t l e  evidence of p o s i t i v e  e f f e c t  (Dougherty; Jones and Engel; 
1971).  
A s p e c i f i c  example i s  t h e  use of an audio ass i s tance  when 
searching f o r  parking. I f  t h a t  t a sk  i s  being undertaken; then 
audio channel information about parking access;  l i m i t s ;  
loca t ions  and c o s t s  w i l l  be of value and reduce t h e  overa l l  
t a sk  load. I f  t h i s  information i s  of fe r red  when t ry ing  t o  g e t  
ou t  of a c i t y  cen t r e  t o  an e x i t  freeway it would be of no 
value;  and may even be de le te r ious .  
There i s  a g r e a t  dea l  o f  Human Factors  work i n  t r a f f i c ;  
t r anspo r t  and t r a v e l l e r  behaviour t o  be done i n  t h i s  a rea ;  and 
Ergonomics and Psychology a r e  the  two major complementary 
s k i l l s  a l ready involved i n  these  types of t r anspo r t  research 
and appl ica t ion.  The work required could properly be 
considered more an app l ica t ion  of Aural da ta  acqu is i t ion  and 
processing. 
The human f a c t o r s  aspects  of a number of  I T  hardware 
po t en t i a l  app l ica t ions  i n  veh ic les  needs urgent study. Some 
such systems include applying radar and microwave 
c o l l i s i o n  de tec to rs ;  d i r e c t i o n  ass i s tance  schemes; t a lk ing  
road s igns ;  f u e l  e f f i c i ency  r a t e s  when dr iv ing and other  t a sks  
which can now be r e a l i s t i c a l l y  ca r r i ed  out  by t h e  vehic le ;  bu t  
which s t i l l  need a t r a f f i c  human f ac to r s  treatment t o  make them 
a r e a l l y  valuable add i t ion  t o  the  s a f e ty  and e f fec t iveness  of 
t h e  vehic le /dr iver  system. The area of mul t ip le  sensory inputs ;  
covered by Dougherty e t  a1 i n  such a p r a c t i c a l  manner; has  not 
received much a t t e n t i o n  f o r  some years;  and it i s  c l e a r  t h a t  
t r anspor t  and t r a f f i c  p r i o r i t i e s  coincide with t h e  Alvey Report 
(1982) recommendations f o r  more a t t e n t i o n  t o  t h e  man-machine 
i n t e r f ace .  
Much of  the  previous work i n  t h i s  aspect  of human f ac to r s  
research was of  an a b s t r a c t  and r e s t r i c t e d  nature  (Loveless; 
Brebner; and Hamilton; 1970); and led  t o  pess imis t ic  assumptions 
about the  prospect ive u t i l i t y  of such systems. The Dougherty e t  
a1  r e s u l t s  a r e  both more p r a c t i c a l  i n  experimental terms and f a r  
more pos i t i ve  i n  terms of  t h e  r e s u l t s .  It i s  now ev iden t ly  time 
t o  bu i ld  equipment using modern I T  technology and pay s p e c i f i c  
a t t e n t i o n  t o  t h i s  spec i a l  a rea  of human f ac to r s  work. I t  i s  
s i g n i f i c a n t  t h a t  Loveless e t  a1  were unable t o  draw more than a 
s i n g l e  useable reference from t h e i r  extensive review of t h e  
l i t e r a t u r e  a s  of 1970; Loveless e t  a1  a l s o  h ighl ighted t h e  
confused f indings of red/green s e n s i t i v i t y  changes induced by an 
audi tory  s igna l .  This aspect  i s  independently worthy of some 
f u r t h e r  pu r su i t  from a t r a f f i c  standpoint.  
An example of an important area  of appl ica t ion i s  route  
advice. Information on t h i s  could come from c e l l u l a r  radio;  from 
the  present  system of s e l f  appointed CB radio  t r a f f i c  information 
co-ordinators; from instrumentation on the dashboard; or from 
speech synthesis; to name but a few of the options. The 
demand for some such system has already been made apparent by the 
use made of CB Radio. To make this extra channel of information 
to the driver really effective will require careful work at the 
instrument; display; task handling; and system performance and 
tariff aspects. Use of cellular or mobile radio raises additional 
problems; since the human desire for communications means that 
drivers may use this for person-to-person communication; in a way 
that might interfere with the driving task or with the 
assimilation of information useful to the driver. 
One of the major side effects of IT and the traveller is the 
practicality of 100% behaviour and location monitoring and 
selective retrieval. The private vehicle equivalent of the truck 
TacoGraph is but the first sign of this privacy and social issue. 
The implications of a detector based road pricing; route advice; 
or even a selective talking roadsign system are that it will now 
be possible and economic to filter for road offences, location 
etc. This change in the enforcement/ violation balance will 
require extremely careful handling; even when the human factors 
aspects of its integration into the vehicle/driver/road (or 
track) system are overcome. 
There are numerous issues where a greater interaction 
between ITS and psychology/ergonomics/hurnan factors interests 
would benefit both parties in their researches into the problems 
and issues that arise when applying IT in transport and safety. 
The effective links between such areas of expertise at the ARRB 
would suggest that setting up such working teams as this should 
be a priority goal. 
4; INTERNAL ITS DATA PROCESSING COMMUNICATIONS AND COMPUTING 
POLICY 
The peculiar requirement of IT is that; to use it effectively; 
one must have a complete pipeline between the different 
types of information and its storage. This ranges from the need 
to be on a telephone to use a Modem; to be on a Packet Switch 
Data Network to communicate between services using Bell and 
CCITT Modem tone standards; and to have data captured on magnetic 
media if word processing and data reduction and presentation is 
to be done economically. 
The internal computer and data processing policy at ITS 
is therefore an essential part of the gearing up for better use 
of IT. The present limitation to a single common access point to 
the Amdahl V7; the PRlME 750 (on which the Packet Switching 
Node resides); the Microsystems Support Unit PDP 11/44 UNIX 
system (which contains all of the software development tools); 
and the Systime (a VAX 11/780 in functional terms) is 
already under pressure from the Amdahl usage- and the computing 
demands of PSS and Microsystems development usage are beginning 
to arise. The introducthn of increasing numbers of UNIX 
based systems of micros and workstations around the University 
is assured; due to the Three ~ i v e r s / ~ ~ ~  Perq adoption by SERC, 
and will add the Systime access demands to this conflicting 
list. 
The use of smart terminals for off-line text; program and 
data input and correction will help to reduce this pressure (and 
the APPLEs in house may be used for this task). The Institute 
is quite markedly under-equipped with screens to word 
processing/computing facilities of all kinds; but much of these 
needs could be met by microsystems of various types. There are 
numerous competitors for local area networks suitable for the 
ITS; but the most pragmatic and likely towork reliably in the ITS 
environment is the CLEARWAY system; which links devices and 
computers through a simple RS232 plus coaxial cable coupling at 
remarkably high data rates; with inexpensive devices at each 
station. 
The rapid emergence of networking software and conventions 
mean that the detailed choice of hardware is less important than 
a software compatibility with network support software; as long 
as the systems in use have committed forward support for (or are 
likely to get it anyway from third parties) EtherNet; OmniNet, 
ARCNet; or Cambridge Ring software and ports. The SofTech 
Microsystems P-System Operating System (known as "UCSD") has made 
such a software commitment (essentially for 0mni.Net it is 
understood); and therefore will probably enable APPLE; IBM PC; 
Tandy; Sage etc systems all to be hooked together under this 
operating system at a later stage. UCSD IV should therefore be 
considered for adoption. Native code gerators for 280; 8086 and 
68000 all exist to accellerate the p-code on each target machine 
as it is added. If a CP/M 8-bit environment is preferred then a 
TurboDos networking system should be appraised. 
The Three ~ i v e r s / ~ ~ ~  Perq workstation has a great deal of 
potential as a single user workstation for program development 
(especially where graphics or animation are involved); and also 
has local area networking capabilities. It is however neither 
portable nor transportable; and must be regarded as a fixed 
resource. It is also rather expensive; but it would clearly 
be sensible to ensure that any proposals made to SERC covering 
graphics applications include a case for a Perq in support; given 
that it is how the SERC "Standard", has Fortran available; and is 
committed to SERC support for both UNIX and local and at least 
one local area network (EtherNet). 
However the internal ITS policy proceeds; access to Prestel 
is likely to become of practical importance. As the Micronet 
800 system was; at the time of writing; about to come into 
play (with a January 1983 launch date); the 249 Prestel modem / 
RS232 connector adaptors being made available will enhance the 
usefulness of the Institute's existing APPLES. 
It should be noted that Prestel (V21: 1200/75 half: 
duplex communications) links can be made into PSS to 
enable communications with any other systems also connected to 
PSS; so the fact that this first cheap and available 
modem is limited to Prestel standards is not nearly as 
restrictive as it might seem to be at first sight. 
The wide availability of 300/300, 1200/1200; 1200/75 baud 
access ports to PSS systems (with the future BT-committed 
addition of Telex input and output) will steadily enhance the 
utility of Prestel adaptors to minimal systems such as the 
Sinclairs and the ORIC. Both the UK PSS/IPSS system and the 
Australian OTC MIDAS services now offer all of these modes of 
access, and the AUSTPAC national packet switching network states 
that it will support at least this range of modes when it makes 
private access possible later in 1983; when launch delays have 
been overcome and business markets serviced with the present 
restricted service. 
Computer-aided communications developments in the area 
of electronic mail and computer conferencing are likely to take 
a considerable leap forward as a result. The electronic mail 
aspect of Micronet (and of course Prestel) is the area in 
which the supressed demand for communications and data 
interchange may first have widespread outlet. With nearly a 
million personal computers in the market place this market is 
likely to be far more responsive than the "cold" Prestel 
residential market as developed to date. 
The Institute's computer and text processing equipment 
should therefore be acquired with an eye to text processing; 
local communications; remote communications; ViewData 
interactions; PSS connections and thus be suitable for direct 
use and involvement in the new communications services now 
coming into mass financial reach of the near-million personal 
computers in place in the UK to date. The increasing use of 
remote data services such as SDC ORBIT; Lockheed DIALOG and 
DIALTECH access to the ESA-IRS QUEST system (the latter 
containing the IRRD data base) will also place an increasing 
premium on direct external line or PSS access from a smart 
terminal with local data storage and printing abilities. 
Nevertheless; the primary task is to DO a task: if the software 
and hardware combination is appropriate; OTHER tasks that it 
MIGHT do should be given much shorter shrift. The real costs in 
small systems lie in the software; and in the learning curve 
for the operating systems and compilers in use on them. 
This means that a viable policy for ITS is to adopt - say 
1 the UCSD operating system environment, and worry little 
about the machines on which it is hosted. SofTech 
Microsystems have undertaken to deliver both local area 
networking for the P-system during 1983; and to make the p- 
system available on mainframes to permit microsoftware to be 
transported over the full range of computer power. At Leeds the 
Systime 780 will probably be running the available VAX 
implementation of UCSD before long; and so access would not 
be limited to small systems-. . It would however increase the 
pressures on t h e  s i n g l e  TAC multipurpose po r t  p resen t ly  
ava i lab le  i n  t h e  ITS bui ld ings .  
A t  other  s i t e s ;  t h e  Open University i s  negot ia t ing  t o  
make mult iuser  UCSD p-system operat ive on t h e i r  DEC 20 network 
f o r  OU remote teaching purposes. 
Reference should a l s o  be made t o  the  sec t ion  i n  the  
companion Working paper (WP169; Wigan; 1983h) t o  t h e  o ther  l i n e s  
of product iv i ty  enhancements made poss ib le  by I T  developments. 
(Wigan; 1983) . 
4.1 KNOWLEDGE-BASED SYSTEMS APPLICATIONS I N  TRANSPORT AND 
TRAFFIC 
One of the  key elements i n  the  accumulating web of I T  advances i s  
t h e  development and app l ica t ion  of inference engines and log i c  
based programming. These abs t r ac t  concepts have become a r e a l i t y ;  
and subs t an t i a l  work can be done even on t h e  smal les t  of 
machines. McCabe's MicroPROLOG (1981) i s  such a system; which 
runs under CP/M on computers a s  small a s  an APPLE I [ .  
The two underlying streams of c a p a b i l i t i e s  a r e  : 
( a )  Expert systems i n  the  sense of user f r i end ly ;  r u l e  based 
systems f o r  harnessing inference and probaba l i s t i c  
information t o  applied user ends; and 
( b )  The in t imate  r e l a t i onsh ip  between r e l a t i o n a l  da ta  bases and 
log i c  and r u l e  based programming approaches (See LLoyd; 1982 
f o r  a t yp i ca l  d i scuss ion) .  
For t a r g e t s  ( a ) ;  even the  smallest  systems a r e  already 
proving t o  be sound workhorses f o r  small app l ica t ions .  B r i t i s h  
Telecom a r e  using MicroPROLOG (Probert ;  1981) t o  develop a f r o n t  
end t o  t h e i r  l a rge  s ca l e  s t r a t e g i c  business planning system f o r  
BT. Many users  have made use of MicroExpert (Cox and Broughton 
1982) f o r  querylanswer ass i s tance  p ro jec t s ;  where a Bayesian 
model i s  most appropr ia te .  Micro Expert i s  based f i rmly on 
t h e  l a rge  sca le  PROSPECTOR geological  Expert system i n  
i t s  philosophy and antecedents;  and can operate qu i t e  
subs t an t i a l  p ieces  of t h e  PROSPECTOR system. Perhaps t h e  b e s t  
references t o  MicroExpert and t h e  necessary problem s t ruc tur ing  
f o r  i t s  use a r e  two r epo r t s  on PROSPECTOR by Duda; Gashnig and 
Hart (1979). and Gashnig (1982).  MicroExpert i s  ava i lab le  
under UCSD, while MicroPROLOG a t  present  opera tes  only under 
CP/M. 
The PROLOG products of Expert Systems Ltd (1982;1983) a r e  
a l s o  ava i lab le  i n  e s s e n t i a l l y  t h e  same form on CP/M and l a rge  
mainframe systems. There a l a rge  (and growing) number PROLOG 
systems becoming ava i lab le .  Some a r e  wr i t t en  i n  C; notably 
CPROLOG; and o thers  can be brought i n t o  a U N I X  environment i n  
o ther  ways. HORNE; from t h e  Un'iversity of Rochester; f o r  example, 
i s  b u i l t  from Franz Lisp;  which i n  t u rn  i s  wr i t t en  i n  C. Such 
systems a s  t h i s  allow predicates  t o  be Lisp expressions; and thus  
extend the  power considerably. 
LOGLISP has  a  s imi la r  e f f e c t ,  while POPLOG a t  the  
Universi ty of Sussex i s  a l s o  t o  be aimed a t  a  U N I X  environment, 
and provides a  combination of POP and PROLOG. However; t h e  UNSW 
and other  Unix PROLOG systems a r e  e n t i r e l y  appropriate  hos t s  f o r  
work i n  which r u l e  discovery and deduction; and spec i a l l y  
t a i l o r e d  systems a r e  t o  be developed. This would c l e a r l y  ind ica te  
t h a t  a  PERQ running U N I X  would be a necessary concomitant f o r  any 
subs t an t i a l  developments, not  l e a s t  because of  t h e  widespread 
concentrat ion on U N I X  and PERQ f o r  t h e  fundamental IKBS work 
under t h e  Alvey programmes on which such applied p ro j ec t s  should 
bu i ld .  While l a rge  s ca l e  systems can be produced, even a t  the  
present  s t a t e  of knowledge; t h e  small s ca l e  l imi ted  app l ica t ion  
packages t yp i f i ed  by Microprolog and MicroExpert a r e  pe r f ec t l y  
adequate f o r  c e r t a i n  appl ica t ions .  One such app l ica t ion  
previously proposed by Wigan ( 1 9 8 1 ~ )  i s  t h e  use of a  Bayesian 
system f o r  cos t /benef i t  assessments of locat ion-speci f ic  accident  
reduction treatments.  This would provide both a  useful  learning 
bas i s  and a thoroughly p r a c t i c a l  appl ica t ion r e s u l t  on t h e  
smallest  system; and it i s  recommended t h a t  t h i s  p ro j ec t  be 
undertaken i n  t h i s  s p i r i t .  
Thus : 
REC. 8) Rule based systems can c l e a r l y  now be applied d i r e c t l y  
t o  t r anspo r t ;  planning advice; user i n s t ruc t i on ;  
spec ia l i sed  t r a in ing ;  customer information; da ta  
deduction and accident  and t ranspor t  ana ly s i s  i n  a  
p a r t i c u l a r l y  por table  manner ( i n  t h a t  the  product i s  a  
t o o l  f o r  teaching o thers  what has been leaned) .  
Consequently ac t i ve  col labora t ion with computer based 
learning s p e c i a l i s t s  i s  h ighly  des i rab le .  The e f f o r t  
should be placed i n  two areas.  F i r s t ;  on knowledge base 
d e f i n i t i o n  and s t ruc tu r ing  i n t o  r u l e  based systems 
(where a  psychologist  would be u se fu l ) ;  and secondly on 
developing understanding and sophis t i ca t ion  i n  the  more 
advanced t o o l s  beyond t h e  simpler r u l e  based systems 
(MicroExpert e t c ) ;  so  t h a t  da ta  r u l e  deduction; 
database r e t r i e v a l  from t ranspor t  da ta  sources; and 
more c lo se ly  t a i l o r e d  fuzzy log i c  and Bayesian 
inference systems can a l l  be applied a s  t h e  s k i l l  l e v e l  
increases .  
This philosophy of approach i s  c lose ly  i n  accord with t h e  
recent  Alvey (1982) Report on Advanced Information Technology; 
and such applied p ro j ec t s  of mul t id i sc ip l ina ry  nature  a r e  
e s s e n t i a l  i f  these  new t o o l s  a r e  t o  come i n t o  wide and e f f e c t i v e  
use. 
5 .  BASIC INFORMATION FROM TRANSPORT ANALYSIS REQUIRING 
EARLY ATTENTION 
The hardware aspects of the IT profile are essentially a list of 
new capabilities; and sometimes old ones with an affordable price 
tag. There are a number of issues in IT which should be addressed 
uslng "classical" transport data sources as a very early stage in 
the research program. 
The Family Expenditure; Household Interview and Time 
~se/~ctivity data sets in use for transport analysis are of 
special importance here. There are a number of clear cut 
analyses which should be undertaken on these and similar data 
sources; with a view to obtaining a sound perspective on the 
areas of sensitivity and the scales of impact on specific 
household types before undertaking special new surveys of 
this type tailored for the slightly broader objectives of IT 
impact asessments. 
It should also be noted that these impacts will also arise 
on the business operations front; and by analogy with the 
household vehicle / freight movement situation in transportation 
analyses; where the residential base for data collection has 
received a disproportionate amount of attention as compared to 
the residential and household bases for analysis of behaviour, 
the business time impacts and freight/personal movement patterns 
are crucial. 
The documentation and verification costs are a major 
component in freight transport; and the impact on information 
movement itself - as a commodity - is an important transport 
question in its own right. 
One of the key needs identified in this work is the need 
for a specific analysis of information economics as an 
integrated applied discipline. The relative economics of 
transport v communication tranfer by other means is simply one 
case of the more general problem of pricing and market 
segmentation for information access; quality, timing and 
availability. Information (as distinct from data) is now 
available swiftly by several means - at a price - and in large 
and compact volumes for re-use. The economic and behavioural 
analysis of these trade-offs in perception; use; response 
and the interactions with tariff setting and security and 
confidentiality need to be treated in a more unified manner. 
Some clues may arise from studying the behaviour of 
successful business operatins in this regard; and especially the 
changes in organisational structure that follow. However there 
are many tasks which can be addressed simply by proper use 
of existing under-utilised data sources already available to 
transport analysts. 
Some of the three major underexploited UK data sources 
include : .+. .. 
(1) The Family Expenditure Survey (Annual from 1963) 
( 2 )  The General Household Survey (1971-80) 
(3 )  The BBC Time Use Surveys (1963;1975;1984-projected) 
Family Expenditure Surveys have been put t o  e f f e c t i v e  use 
by a number of t r anspor t  workers; including Wigan (1981); 
Morris and Wigan (1979); and Lane and Morris (1983) i n  
Aust ra l ia  and by Goodwin; Po t t e r ;  Mogridge and o the r s  i n  t h e  UK. 
These surveys include d e t a i l s  of pos ta l  and telephone 
expenditures i n  add i t ion  t o  d e t a i l s  of l e i su re ;  work and o ther  
forms of expenditure f o r  an e n t i r e  family. The ana lys i s  of t h e  
communications and l e i s u r e  expenditures by l i f e c y c l e  s tage  of t h e  
household; by t r anspo r t  provision and expenditures; and by 
socieconomic group i s  a worthwhile i n i t i a l  s t e p  t o  ensure t h a t  a 
properly analysed time s e r i e s  of these  f ac to r s  has been s e t  up 
and understood p r i o r  t o  t h e  monitoring of  changes expected a s  I T  
spreads. The app l ica t ion  of t r anspor t  ana lys i s  methods t o  
l e i s u r e ;  tourism and rec rea t iona l  behaviour i s  now becoming a 
matter  f o r  e a r l y  a t t en t i on ;  and the  FES can a l s o  be useful  fo r  
th i s  purpose. 
The years  f o r  which t h e  FES i s  now ava i lab le  through the  
Social Science Data Archive a r e  1961-3;1967-80. Two of t h e  four 
qua r t e r s  of 1964 a r e  l o s t  i r r e t r i e v a b l y ;  while 1964 and 1965 
requ i re  scarce  va l i da t i on  e f f o r t  within the  Department of 
Fmployment, and this i s  unl ikely  t o  become ava i lab le  given the  
p r i o r i t y  accorded t h i s  t a sk  within DEP. To obta in  access t o  
t h i s  information it i s  necessary t o  submit a proposal t o  the  
Department of Employment and Productivi ty;  with a spec i f i ca t i on  
of t h e  forms of analyses t o  be undertaken. The r e s u l t s  of 
analyses completed must be submitted t o  the  DEP p r i o r  t o  any 
publ ic  use being made of them. 
These condit ions a r e  s imi la r  t o  those normally l a i d  down f o r  
t h e  use of t h e  Matr ix  generator t apes  re leased by t h e  
Austral ian Bureau of S t a t i s t i c s ;  and o f f e r  a r e a l i s t i c  balance 
between user con f iden t i a l i t y ;  s t a t i s t i c a l  r e l i a b i l i t y  and t h e  
needs of research inves t iga to rs .  
A second survey s e r i e s i s o f f e r r e d  by t h e  General 
Household Survey ( G H S ) .  This i s  a very l a rge  survey ca r r i ed  
o u t  on a r o l l i n g  annual ba s i s .  The GHS covers a very wide 
range of t op i c s  and i s  of spec ia l  i n t e r e s t  a s  it covers 
telephone holdings and r e n t a l s ;  t h e  length of time telephones 
have been i n s t a l l e d ;  t h e  ownership of motor vehic les ;  t h e  
ownership and t h e  use of t h e  TV; and extensive income and 
household da ta .  
This survey i s  ca r r i ed  out  a t  year ly  i n t e r v a l s ;  and t h e  
tapes  f o r  1971; (some va r i ab l e s  from 1972); and a l l  of t h e  years  
from 1973 t o  1980 inclus'ive a r e  held by the  SSDA (Socia l  
Science Data Archive) a t  Essex University.  
Access t o  the  GHS da t a  i s  under s imi la r  condit ions t o  those 
applied t o  the  Family Expenditure Survey by t h e  DEP. In t h i s  
case  of t h e  GHS; t h e  app l ica t ion  fo r  approval must be made v i a  
t h e  Archive t o  t h e  Off ice  of Population Census and Surveys 
( O P C S ) .  This da ta  s e t  provides a s o l i d  b a s i s  f o r  s e t t i n g  
down a numerate framework f o r  assessing the  household 
penet ra t ion  of telephones ( t h e  primary I T  access medium) and of 
TV s e t s  ( t h e  o ther  access medium; f o r  TeleText; and t h e  device i n  
contention fo r  Video Tape and home computer and Video game 
appl ica t ions  i n  the  home) a s  a - func t ion  of time. 
Access t o  telephones i s  a r a the r  d i f f e r e n t  question; and one 
which - a s  f o r  vehic le  ownership and use - must await  d e t a i l s  of 
the a c t i v i t y  and usage pa t t e rn s  within t h e  household. Survey da ta  
of th i s  kind must now be s p e c i f i c a l l y  obtained. 
Both of t h e  FES and t h e  GHS surveys a l s o  provide 
geographically s p e c i f i c  da t a ,  and the  b a s i s  f o r  ongoing 
monitoring a s  both a r e  continuing surveys. The GHS i n  
p a r t i c u l a r  may o f f e r  t h e  opportunity of adding quest ions f o r  I T  
impact monitoring on a sample bas i s ;  a s  was done fo r  Long 
Distance t r a v e l  on severa l  occasions i n  t h e  1970's.  The GHS i s  
extremely l a rge ;  and s i g n i f i c a n t  e f f o r t s  a r e  needed t o  c r e a t e  
SPSS compatible format f i l e s ;  and t o  analyse t h i s  h ie rach ica l  
f i l e  s t ruc tu re  using t h e  dated - but  heavi ly  used - s t a t i s t i c a l  
systems such a s  SPSS; requ i res  notable e f f o r t .  
The work of t h e  Surrey Universi ty team (Gi lber t ;  Arber and 
Dale (1982a)) i n  producing a s e t  of SPSS'compatible f i l e s  
and a program (CROSSLINKER; Gilber t ;  Arber and Dale (1982b)) 
t o  make treatment of t h e  GHS f i l e  s t ruc tu re s  more manageable 
under such s t a t i s t i c a l  systems; would suggest t h a t  consul ta t ion  
with Surrey would be e f f e c t i v e  i n  reducing the  manpower required 
t o  work with the  GHS. 
It must be recognised t h a t  the  l eve l s  of expenditure on 
postage; telephones and cab le  r e n t a l s  a r e  small i n  comparison 
with the  ove ra l l  household budget. ... but  they a r e  NOT small 
when compared t o  t r anspo r t  expenditure components. 
Perhaps the  most c ruc i a l  aspect  i s  the  assessment of t h e  
ranges of access t o  telephones by d i f f e r e n t  groups. A t  t h i s  
e a r l y  s tage  i n  I T  i n f r a s t r u c t u r e  development the  telephone l i n e  
i s  a c r u c i a l  measure of comparative advantage and of simple 
access ib le  market segments. These can be deduced from the  GHS a s  
it stands.  
B r i t i sh  Telecom (1983) have ca r r ied  out  (through NOP) a 
telephone usage survey; which would provide an e s s e n t i a l  datum 
t o  assess  the  (changing) u t i l i t y  of access t o  telephone l i n e s .  
A coding frame and survey form f o r  t h i s  survey has  been 
supplied by The Long Range Planning Division of BT. Access t o  the  
r e s u l t s  and t h e  da t a  coll-ected i s  not an t ic ipa ted  t o  be  made 
public .  
A s  a Transport I n s t i t u t e ;  t h e  f i r s t  t a sk  on the  I T  agenda 
should be t h e  examination of individual  and household data  
sources such a s  these ;  a s  they provide a sound b a s i s  f o r  
fu ther  work t o  proceed on a numerate grounding and a l s o  a r e  
s u f f i c i e n t l y  s imi la r  t o  previous t ranspor t  work t h a t  t h e  present  
inventory of s k i l l s  a t  t h e  ITS can make an immediate and 
e f f e c t i v e  impact. 
The use of time; and i n  pa r t i cu l a r  the  use made of the  
l a rge  amounts of time spect  on watching t e l ev i s ion  o r  
l i s t e n i n g  t o  radio;  i n  add i t ion  t o  the  t r a v e l  times associated 
with d i f f e r e n t  forms of  a c t i v i t y  have a l l  been t h e  sub jec t  of 
l a rge  s ca l e  time use surveys by t h e  B r i t i s h  Broadcasting 
Corporation E.g. (BBC; 1978). 
The da ta  tapes  f o r  the  1974-5 BBC Time use survey a r e  t o  be 
held by t h e  Data Archive; bu t  a t  present  a r e  ava i lab le  from t h e  
Sussex Universi ty ( D r  J Gershuny; Science Policy Research Unit 
0273-686 758). D r  Gershuny i s  completing a major s e r i e s  of 
analyses of changes i n  time usage and i n  labor force  
pa r t i c ipa t i on  and rec rea t iona l  time use over t h e  period from 
1935 t o  1975. 
Using a v a r i e t y  of  sources; t h e  SPRU has  resurrec ted  the  
1935 time use survey ca r r i ed  ou t  by the  BBC a s  p a r t  of  t h i s  
program. These s an i t i s ed  tapes  could be made ava i lab le  t o  ITS 
during 1983; when t h e  work on t h e  books i n  progress has been 
completed a t  Sussex (Gershuny 1982a;b;forthcoming); Gershuny 
and Thomas (1981); Gershuny and Miles (1982, forthcoming). 
It i s  c l e a r  t h a t  analyses of these  da ta  sources should 
precede any new d a t a  co l l ec t i on ;  bu t  f o r  t h e  e f f e c t i v e  
monitoring of I T  impacts the  t o o l s  of time use; a c t i v i t y  and 
t ranspor t  surveys a r e  of  immediate app l ica t ion .  The 
a v a i l a b i l i t y  of  sophis t ica ted  data  reduction and ana lys i s  
t o o l s  f o r  choice behaviour ana lys i s  has been a r e a l i t y  i n  
t r anspo r t  ana lys i s  f o r  many years  (Wigan; (1977); C r i t t l e  and 
Johnson (1980)) ;  and t h e  lessons  learned from loca t ion ;  mode; 
and behaviour choice ana lys i s  a t  a disaggregate l eve l  should be 
t h e  key design guide c r i t e r i a  fo r  such monitoring exerc ises .  
The high e f f i c i ency  of disaggregate models makes the  sample 
s i z e  required f o r  productive monitoring s u f f i c i e n t l y  small t o  
match even t h e  smaller t r i a l s ;  such a s  the  Milton Keynes wired 
c i t y  t r i a l s .  The r e a l l y  de t a i l ed  a c t i v i t y  s tud ies  (exemplified by 
t h e  ARRB Adeleide da ta  s e t  (Barnard; 1981) ) ;  a r e  e s s e n t i a l  i f  
behavioural analyses a r e  t o  ca r r i ed  through with a commercially - 
appl icable  l eve l  of e f fec t iveness .  The j o in t  ana ly s i s  of 
de t i na t i on  and mode choice f o r  shopping journeys a l ready 
completed on t h e  Adelaide d a t a  base demonstrates t h e  po t en t i a l  
u t i l i t y  of t h i s  approach (Barnard; 1983). 
There i s  a c l e a r  casz. ' for  developing t h e  same l e v e l  of 
under standing and mensuration f o r  a c c e s s i b i l i t y  t o  
telecommunications and da ta  access a s  has  had t o  be developed t o  
make t h e  p o l i t i c a l  problems of t r anspor t  provision manageable. 
I t  i s  a l s o  c l e a r l y  worth while applying t r anspo r t  choice and 
behavioural analyses t o  telecommunications and I T  markets per se. 
Hensher (1979) has  applied such methods i n  a r e s t r i c t e d  manner; 
and has  shown t h e  p r a c t i c a l i t y  o f  t he  approach. 
Thus : 
REc; 9) Design of a monitoring survey technique employing time 
use, a c t i v i t y  ana ly s i s ;  t r anspo r t  survey and 
disaggregated behavioural choice ana ly s i s  experience 
should be undertaken i n  advance of t h e  completion of t he  
major survey reduct ion and monitoring t a sks  a l ready 
spec i f i ed .  
REc;10) Design and execution of a survey of telephone access and 
use w i t h  a view t o  applying t ranspor t  concepts of 
a c c e s s i b i l i t y  (Dumble; Morris and Wigan; 1979) and 
individual  choice model techniques t o  s p e c i f i c  markets. 
The s t r u c t u r e  of  t i m e  use and cons t r a in t s  on ind iv idua l s  i n  
t h e i r  t r anspor t  behaviour has  proved t o  be an e f f e c t i v e  
l i n e  of approach i n  t r anspo r t  ana lys i s .  Once again ; 
Information Technology i s  forcing a fu r t he r  conjunction 
of d i f f e r e n t  i n t e r e s t  a reas . . .  i n  t h i s  case t h a t  of Management 
Studies ;  a s  t h e  same techniques applied t o  the  opera t ion  of a 
bus iness  (and t h e  people within it) become c r u c i a l  when t h e  
rapid and fundamental changes i n  information access and use 
caused by I T  in t roduct ion  i s  under study. 
Perhaps t h e  most c l e a r  c u t  i n i t i a l  observat ion i s  t h a t  t he  
b run t  o f  almost a l l  o f  t h i s  change w i l l  be  bourne by middle 
managers; who the r e fo re  may reasonably be expected to  be 
r e s i s t a n t  t o  I T  innovations.  This too  requ i res  spec i a l  
a t t e n t i o n ;  a s  t h i s  group a l ready has  much of t he  freedom of 
ac t i on  t o  t ake  f u l l  advantage o f  information: it i s  t h e  
popular isa t ion  of such access (and maybe even such freedoms?) 
which w i l l  cause problems f o r  these  and s imi la r  groups. I t  i s  
a l s o  t he  case t h a t  th i s  group i s  more than usual ly  f i t t e d  by 
education t o  make e f f e c t i v e  use of I T  - i f  won over. 
Sociological  and observat ional  s tud ies  of these  aspec t s  of 
innovation a r e  c l e a r l y  indica ted;  and a s  it i s  t h i s  group 
which makes most of t h e  d i s c r e t i ona ry  journeys i n  a firm; t he  
t r anspo r t  i n t e r e s t  is  c l e a r .  
While it might b e t t e r  f i t  i n  Section 7 of t h i s  r epo r t ;  on 
Elec t ronic  Mail and Computer Conferencing; t h e  development of 
SERCNET a s  a t o o l  f o r  improving t he  e f fec t iveness  of i n t e r a c t i o n  
between geographical ly i s o l a t e d  workers i s  an opportuni ty which 
should not  be missed. A before  s tudy of t h e  telephone; t r a v e l ;  
and computer aided communications of t h e  groups with access now 
t o  SERCNET - and the  groups.-which w i l l  i n  fu tu r e  a l s o  have access 
- w i l l  provide an invaluable base l ine  f o r  assess ing t he  
price/quality/travel-communications t r adeo f f s  i n  an area  where 
t h e  output of t h e  ind iv idua l s  themselves both  (before  and 
afterwards)may be more r e a d i l y  measured t h a t  i n  most of t h e  
a l t e r n a t i v e s  y e t  ava i l ab l e .  The l i nks  with both t h e  EEC ESPRIT 
and ARTEMIS i n i t i a t i v e s ;  and t h e  j o in t  European publ ishers  ADONIS 
i n i t i a t i v e  ( s e e  t he  companion volume and Norman; 1981 f o r  fu ther  
d e t a i l s )  a r e  a l s o  poss ib le  l i n e s  t o  pursue. 
6 ;  PRESTEL AS A USER MARKET OF TRANSPORT SIGNIFICANCE 
There a r e  increas ing numbers of experimental i n s t a l l a t i o n s  of 
spec ia l i sed  publ ic  and p r iva t e  ViewData se rv ices  systems. 
Several of these  a r e  of spec i a l  and immediate importance t o  
t ranspork i n t e r e s t s .  These include : 
( a )  Gateshead : a Teleshopping t r i a l  being s tudied  by Newcastle 
Universi ty;  sponsored by Tesco. 
(b) Nottingham : HomeBank; combining the  Nottingham Building 
Society and t h e  Bank of Scotland. 
(c)  Birmingham: CLUB 403; a  PRESTEL/DTI experiment i n  Hull t o  
b r ing  shopping and o ther  se rv ices  i n t o  many of t h e  homes i n  
So l ihu l l  and Sutton Colf ie ld  (by J u l y  1983 t h i s  had already 
an I T  become a monitoring i n i t i a t i v e  of ITS) 
( d )  National: OPTEL - t he  Open Un ive r s i t y ' s  own mult iuser  
ViewDa t a  system; compatible with P r e s t e l  (Bacsich, 
1981a;b;c;1982). 
(e )  National: CYCLOPS - t he  Open Universi ty '  s Pres t e l  
compatible remote t u to r ing  system. 
The l a t t e r  p a i r  of s e rv i ce s  (d ; e )  has now been complemented 
by an Electronic Mail se rv ice  a l s o  on t he  OU DEC 20; and t h i s  
ove ra l l  package i s  under d iscuss ion with OU f o r  monitoring and 
assessment f o r  t h e  education servic ing aspec t s  and t h e  bus iness  
opera t ions  of t h e  OU i t s e l f  through these  nat ion  wide media 
systems of OU leased l i n e  networks and t he  IPSS/PSS gateways now 
being i n s t a l l e d .  
( f )  National : MICRONET 800 is  an i n i t i a t i v e  by East Midlands 
All ied Press;  ECC Publicat ions;  Prism Microproducts and BT; 
intended t o  b r ing  cheap P r e s t e l  communications t o  personal 
computer users .  (This  contac t  a l s o  l ed  t o  a c t i v e  
involvement by ITS although t he  f u l l  con t rac t  f o r  a l l  of 
t h e  monitoring was i n  t h e  end l e t  t o  another body with 
previous I T  survey panel experience : however fu r the r  
oppor tun i t i e s  a r e  expected i n  t h e  next s t age  of MICRONET 
development. 
( g )  Milton Keynes: The we.11 publicised loca l  networking system 
in Milton Keynes where the public transport 
responsibilities of the Development Corporation comprise a 
clear case for some survey and assessment work. The EoSys 
Consulting Group has some work in hand on other aspects of 
the MKDC program in IT. 
Clearly not all of these systems could reasonably be 
followed up; and it is important to keep a balanced view of 
the market in mind. The overall impact of Prestel has been 
very much less (to date) than that of TeleText of the CEEFAX 
and ORACLE variety; which have swiftly gained a user base 
of over 300;000 receivers and a real advertising and user 
base. 
The marketing and high prices of the telecommunications 
costs for Prestel services have to date severely limited public 
Prestel's success (see Mayes; 1982); and only around 500 sets 
were thought to be completely "home" installed for "home" use by 
mid 1982. 
This was sufficiently low that at least one service 
(UniTel; the news service for local papers etc provided by 
Universal News) came about 40th in the Prestel league in 
terms of pages access per month . UNS has no present interest 
in the use made of the UniTel pages by private parties; and 
does not expect them to be very important. This demonstrates that 
even quite small business market sectors can become viable 
operations; and in passing; that few such operations had made 
much headway by mid 1982. 
At the outset of the study (in Oct 1982; before the 
announcement of MicroNet) a major area of neglect by Prestel was 
the personal computer market; where the installed base of 
machines from 2x81 upwards was already well over 500;000 and 
rising very swiftly. MicroNet 800 has since been introduced; 
and is designed to bring even the smallest Sinclair ZX 
systems into direct use on Prestel; with services designed to 
develop to a coverage similar to the SOURCE (see Wigan, 198213: 
also Wigan; 1983d Section 5 / 1983h Section 4 on computer 
communication systems). 
This is clearly the best prospect for monitoring; and 
market response work should be initiated forthwith. The Institute 
has now established relationships with MicroNet; and have 
responded to a request for a proposal to carry out the full 
monitoring survey. Whilst not successful with that proposal; the 
Institute intends to continue research related to Club 403 and 
MicroNet . 
The take-up of MicroNet has been substantial; with over 
17;000 connections made in the first few months. The basic 
evidence .which pinpointed this previously overlooked market for 
Prestel is fully specified in Wigan (1983e), and rests on the 
income levels at which communications and transport expenditures 
are about equal. The UK Family Expenditure Survey (FES) for 1981 
showed that if an IT product within the expenditure capacity of 
the average income household was made available; it had a large 
potential. This deduction appears to be being fulfilled; although 
the leisure/hobby expenditures should really have also been 
included in the analysis referred to. 
The overall public ViewData market is still rather 
weak - although the private ViewData system market is very 
much more active. 
The next moves of the Radio Rentals subsidiary of Thorn will 
probably determine the Prestel home and small business market; 
as they are the market leaders in rental; and well committed 
to ViewData service developments. This group should be approached 
at an early date. 
A 1982 Finnish report underlines this position in the 
international marketplace for public ViewData systems (Technical 
Research Centre of Finland; 1982) in the following format: 
TABLE 1 : PUBLIC VIEWDATA SYSTEMS AROUND THE WORLD 
Country System Date in Terminals Technology Standard 
Name Service Installed Source 
. . . . . .  . . . . . . . . . . . . . . . 
Adopted 
. ~. . . . . . 
- - - - - - - ------ ------- --------- ---------- -------- 
Austria BildShirmText 1981 
Brazil <-on order-> - 
Canada Telidon Ida 1980 
Vista 1981 
" Mercury 1981 
Denmark TelData 1982 
Finland TelSet 1978 
France TeleTel 1981 
Elec. Drctry 1981 
Holland VidiTel 1980 
Hong Kong Viewdata 1980 
Japan Captain 1979 
Italy Videotel 1982 
Norway TeleData 1979 
S .Africa BelTel 1982 
Spain InselTel 1982 
Sweden DataView 1979 
Switzerland Videotex 1979 
1983 
U. K. Prestel 1979 
Venezuela - 1981 
Germany BildShirmText 1980 
I t  1983 
UK 
France 
Canada 
Denmark 
Finland 
France 
8 
UK 
Japan 
UK 
Sweden 
UK 
Spain 
Sweden 
UK 
Germany 
UK 
Canada 
UK 
- 
Prestel 
Antiope 
Alpha-Geom 
I ,  
I ,  
Prestel 
Prestel 
Antiope 
I ,  
Prestel 
- 
Prestel 
Antiope 
Prestel 
CEPT 
Prestel 
Alpha-Geom 
Prestel 
CEPT 
< > = Planned: - = Not Yet known. All data from early 1982 
(see the report quoted above) 
7.  COMPUTER CONFERENCING AND ELECTRONIC MAIL AS SPECIFIC 
TARGETS 
The segments of the professional community most involved in the 
conference and seminar market tend to be those in a position to 
work using remote meeting tools such as computer conferencing; 
and also are those who make heavy use of telephones.. ..and lose 
significant amounts of time in trying to locate a time slot when 
both parties can make synchronous contact. 
This area is precisely the one where asynchronous 
computer conferencing or electronic mail has a real role to play; 
and real returns in terms of time and response in the short term. 
The area of the problems of making synchronous contact 
through the telephone has attracted attention by the New 
Jersey / Orange group (Hiltz 1982; Hiltz and Turoff 1981). 
This market is also the one most vulnerable to 
travel substitution for a specific number of the many tasks that 
travel serves for such people. 
The airline users in this group are a specific target; and 
the airlines and the professional conference organisation 
industries now need to work with the tourism offices on routes 
heavily used by the conference trade; to determine what are the 
major factors now coming into play on travel choice in this 
field. 
Potentially; major developments in electronic mail 
facilities will arise with the development of the SERCNET 
service (becoming the Joint Academic Network; JANET) and the 
initiation of a communications network following the Alvey Report 
(in December 1983). The latter is intended in the first instance 
to link up the various parties in the Artificial Intelligence 
(AI); IKBS and VLSI communities emphasised in the Alvey 
initiatives. Considerable weight is placed on improving the 
communication between these communities by this means; as the 
individuals and organisations involved are widely scattered and 
need a focus which is cheaper and more immediate than travel 
between them could provide. 
These are precisely the same objectives as the GILT 
(Sztajnkrycer and Karmouch; 1982: Palme; 1982f) and other 
projects in Europe; aimed at linking different message and 
conferencing systems together (see also Wigan; 1983a). 
The recently endorsed EEC ESPRIT program also contains 
similar recommendations at European level: this is a sensible 
follow up to the earlier EuroNet initiative of the EEC which 
accelerated the creation of the EEC-wide packet switched network 
linkages on which a personal networked communication system can 
now be overlaid. 
It is worth noting that the major source of A1 
communications in the USA._des not appear to be the published 
literature; but the Ilnix and ARPA networks on which almost every 
US University VAX appears to sit. Kent University is the node for 
this Unix net in the UK; and is the designated SERCNET Gateway 
for overseas links in the present SERCNET plans. (See Daly; 1982 
for technical details) . 
Unfortunately there is no known overall study available of 
the nature and effectiveness of the uses made of this means of 
direct communication by the US A1 c0mmuni.t~; nor is it known how 
the present use of inter-university and packet switched networks 
already operative in the UK for communications and for 
datalprogram transfers spilt up the usage of their line capacity. 
Now that SERC has committed itself to a major task in extending 
and administratively further integrating SERCNET, and with the 
Alvey proposal for enhanced communications; it should be a matter 
of priority to carry out AT LEAST a before survey of 
communications frequencies, travel frequencies, and interchange 
contents between at least the major target communities involved. 
The ITS is very well placed to undertake such work; and the 
subsequent monitoring of the travel; communication frequency; and 
influence/content nets that develop from SERCNET as it begins to 
operate on an integrated basis. The value to the network 
coordinator of such a before survey would be in providing a sound 
basis for assessing the network traffics and capacities required; 
and with the use of time budget and choice set analysis work; a 
useful basis for predicting network utilisation and demand 
increase level could reasonably be expected. 
The current basis for SERCNET service expectations pivots on 
messaging and mail: as the experience of most electronic mail 
providers has shown; structured computer aided conferencing 
facilities very soon become desirable; if not essential. The 
nature of such services could reasonably be expected to alter 
that nature of the travel and interchanges between participants; 
once the necessary mechanisms had been set up. 
There is a already substantial evidence of productivity 
gains by network system use by professional on-line commmunities 
(eg Hiltz; 1982); and of effective distributed project management 
through this type of communication system (eg Vallee and Gibbs; 
1976) . 
Thus : 
RE~i11) A "before" study should be undertaken of travel and 
communications patterns between present and prospective 
SERCNET nodes; and the characteristic of these traffics 
and interchanges. The nature of the data and 
communications patterns in these traffics should be 
monitored; and choice set and activity survey methods 
used to build forecasting models of the changes and 
stable patterns of use and their determinants; making 
effective use of disaggregate individual choice model 
techniques for mod.e/destination choice for physical and 
e l ec t ron i c  communications. 
The Univers i t i e s  Transport Studies  Group i n  t he  UK has 
a l ready considered t h e  p o s s i b i l i t y  of a network f o r  interchange; 
communication and e l ec t ron i c  pre-publication purposes on t he  
b a s i s  of Kirby 's  p resen ta t ion  of Wigan's (198233) paper a t  t h e i r  
1983 Annual conference. The mounting of an exce l l en t  Elec t ronic  
mail  se rv ice  on t h e  Open Universi ty DEC 20 network; under t he  
guidance of D r  P. Bacsich; has  provided a be t a - t e s t  se rv ice  t o  
t h e  members of t h e  UCSD P-System Users Group i n  t h e  UK ( a  group 
t o  which ITS; ARRB; D r  Bacsich and t he  author a l l  belong).  It has 
been mooted t h a t  t h i s  se rv ice  should be o f fe red  t o  a wider 
community; a s  wel l  a s  t o  t he  OU members and s tudents  across  t he  
UK. Conferencing c a p a b i l i t i e s  a r e  a l s o  being reviewed; and t h e  
provision o f  mul t iuser  UCSD p-system software on t he  DEC 20 i n  
conjunction with t h e  OPTEL ViewData system hosted on t h e  same 
machine i s  l i k e l y  t o  s h o r t l y  provide a very powerful base f o r  
educat ional  interchange a t  a h ighly  soph is t i ca ted  l e v e l .  The 
connection o f  t he  OU system t o  t he  BT IPSS/PSS packet  switched 
se rv ices ;  and t h e  en thus i a s t i c  takeup of MicroNet 800 with i t s  50 
pound approved modems f o r  S inc l a i r  Spectrums; BBC micros; APPLES 
and t h e  l i k e  has  v a s t l y  expanded t h e  l i k e l y  user  base.  The 
CYCLOPS remote teaching system i s  a l s o  compatible with OPTEL and 
t h e  o the r  se rv ices  ( ~ e a d ;  1981).  CYCLOPS i n  p a r t i c u l a r  i s  under 
a c t i v e  review elsewhere; notably i n  t h e  South Austral ian 
Department of Education i n  Adelaide. 
Consequently it would be de s i r ab l e  t o  involve t he  OU i n  an 
opera t ional  use of networking se rv ices  between t h e  Univers i t i e s  
Transport S tudies  groups; and i n  ac t i ve  assessment of t h e  impacts 
o f  t h e  package of se rv ices  ava i l ab l e  a s  they become ava i l ab l e  t o  
a wider publ ic .  This would be p a r t i c u l a r l y  important i f  t he  
proposals t o  l i n k  i n t o  SERCNET were not t o  be accepted: th i s  
being independent of t h e  proposal t o  assess  SERCNET impacts on 
t h e  academic community. 
REC.12) National: U s e  of OU M ~ ~ ~ / O P T E L  systems and assessment 
of impacts, with e l ec t ron i c  publishing i nves t i ga t i ons .  
This should be done i n  col labora t ion  with Shackel 
(1982) and his  work f o r  t he  National Library using a 
modified vers ion o f  t h e  InfoMedia "Notebook" 
software. The TRRL should a l s o  form p a r t  of t h i s  
network; a s  a means of t e s t i n g  t h e  u t i l i t y ;  c o s t  and 
e f fec t iveness  of ex te rna l  t echn ica l  p r o j e c t  monitoring 
(and perhaps enhanced p a r t i c i p a t i v e  con t r i bu t i on ) ;  i n  
view of t h e  t echn ica l  p ro j ec t  overview funct ions  fo r  
DTp now t h e  r e s p o n s i b i l i t y  of t h e  TRRL. Similar  
monitoring and telephone/ t r a v e l /  contac t  r a t e  
measures should be undertaken before  and a f t e r  t h e  
l inkup, exac t l y  a s  proposed fo r  the  Alvey community. 
This aspec t  would be eased by t he  coverage of TRRL 
s t a f f  involved i n  p ro j ec t  review being located  i n  one 
place;  soph is t i ca ted  i n  survey and management methods; 
and used t o  an a c t i v e  r o l e  i n  pro j ec t s  with which they 
become involved.+ The a v a i l a b i l i t y  of IRBD da ta  base 
searching on l ine  from TRRL i s  another added-value 
se rv ice  which could reasonably be o f fe r red  through t h i s  
ne t ;  o r  v i a  SERCNET i f  the  emergent po l icy  towards non- 
SERC funded bodies permits t h e i r  connection t o  it. 
IIASA has  undertaken extensive work on computer networking 
and t h e  communication systems which become poss ib le  when such 
networks a r e  ava i lab le .  This work has covered the  spec i f i ca t ion  
and use of gateway systems t o  X25 and dedicated l i n e  networks 
l inking East and West (Sebestyen; 1981: Maurer and Sebestyen; 
1981: Maurer; Sebestyen and Rauch; 1981a;b). 
The network l inkages  themselves a r e  described from the  
computer network aspect  by Labadi (1981); and Labadi and 
Sebestyen (1981).  
The use of C-Shell programming t o  produce a computer 
conferencing and r e p o r t  development and reviewing system under 
t h e  U N IX  operat ing on the  IIASA PDP 11/44 i s  described i n  d e t a i l  
by Pearson and Kulp (1981). The manual fo r  t h e  TELECTR system 
used by t h e  IIASA as soc i a t e s  on both s ide s  of t h e  At lan t ic  (and 
t o  which successful  connections have been made from Aus t ra l i a )  i s  
ava i lab le  a s  Lathrop and Pearson (1981).  IIASA operate t h i s  
system on an open b a s i s  t o  pa r t i c ipan t  nat ions ;  and have 
p r a c t i c a l  experience of i t s  use a s  a t r a v e l  s u b s t i t u t e  o r  
supplement. 
A t  a computing and implementation l eve l  t h e r e  i s  much t o  be 
gained f r o m  examining t h e  low-cost technique used t o  c r e a t e  
TELECTB. The system i s  constructed a s  a s e t  of U N I X  f i l e s  a s  an 
extended s h e l l ;  and took l e s s  than two weeks t o  come i n t o  i n i t i a l  
t r i a l  operat ion.  The advantages of t h i s  technique a r e  : 
( a )  It makes adaption and modification of t h e  system very 
easy and f a s t .  
( b )  A l l  of t h e  UNIX t o o l s  a r e  ava i lab le  t o  the  users  while 
using TELECTR; and indeed t h e  message e d i t o r  i s  simply 
the  standard U N I X  l i n e  e d i t o r .  
( c )  P o r t a b i l i t y  i s  no g r e a t  problem f o r  t h i s  approach; 
although t h e  code would require  rewri t ing  f o r  o ther  
s h e l l s ;  and the  f u l l  system could be r ead i ly  - and 
p ro f i t ab ly  - be ported t o  small U N I X  systems such a s  
t h e  WICAT; FORTUNE e t c .  
The implementation of the  EIES system (now se r ious ly  being 
assessed by a French group based on t h e  Ministry of Employment i n  
Pa r i s )  would require  a Perkin Elmer system; a s  the  implementation 
of EIES requ i res  t h e  intermediate MACRO code produced by t h e  PE 
Fortran compiler t o  be f i l t e r e d  and modified. 
While t h i s  i s  not  on t h e  c e n t r a l  theme of t h i s  r epo r t ;  it 
would be well  worth while SERC producing a l oca l  and improved 
por tab le  version of TELECTR.-for propagation around t h e  Alvey and 
other  research communities. In Aust ra l ia  t he  demand f o r  such 
f a c i l i t i e s  from ind iv idua l  groups ( f o r  example ; t h e  
Microbiologists) i n  becoming i n s i s t e n t ;  and microcomputer based 
b u l l e t i n  boards a r e  not  a  f u l l y  s a t i s f a c t o r y  solu t ion .  C S I R O  i s  
producing a mail  system f o r  t he  CSIRO i n t e r n a l  network; hosted on 
t h e  c e n t r a l  servic ing computers i n  Canberra. 
This may no t  be a s  e f f e c t i v e  a s  e i t h e r  a  wider access and 
u s e  of  ' .uucpl  ( t h e  Unix-Unix Communications Protocol)  on t h e  
many VAXs;  o r  t h e  provis ion  of a  TELECTR-style of conferencing 
system compatible with both small and l a r g e r  hos t s .  The danger of 
t h e  small hos t  opt ion  i s  t h a t  t he  AustPac se rv ice  i s  well  behind 
schedule f o r  pub l ic  access;  and a closed network h o s t  may remain 
t h e  more appropr ia te  f o r  some time. Similar  po in t s  ( toghether  
with t h e  packet charging r a t e s  now ru l ing  i n  t h e  UK) would 
suggest t h a t  SERC used an extended closed network with gateways 
r a t h e r  than IPSS/PSS. This appears t o  be l i k e l y .  
In  e i t h e r  case t h e  i d e n t i f i c a t i o n  of groups needing such 
l inkages  i s  an i s s u e  i n  i t s  own r i g h t ;  and worth a t t e n t i o n  by 
communication and t r anspo r t  ana ly s t s  - and c e r t a i n l y  by 
communications network se rv ice  planners  i n  both coun t r i es .  
Although no t  c e n t r a l  t o  t he  main theme of t h i s  paper; t he  
r o l e  of information systems f o r  both t h e  individual  researcher  
and the  organisa t ion  i s  an important i s sue .  The l a t t e r  was 
p a r t i c u l a r l y  re levan t  a t  Leeds a t  t he  time; s ince  computerised 
p r in t ing / typese t t ing  opt ions  were then under review. An 
i l l u s t r a t i v e  note of t h e  manner i n  which t h i s  a spec t  of I T  f i t s  
i n t o  t he  I T  / knowledge worker / app l ica t ions  framework i s  given 
i n  Wigan (1983j) ( a l s o  a s  Chapters 6 and 7 of  t h e  companion 
summary r e p o r t ,  WP169; Wigan 1983h). I t  i s  c l e a r  t h a t  a  
s p e c i a l i s t  i n  t h i s  a spec t  of I T  should be sought a t  Leeds, 
although not  i n  t he  I n s t i t u t e .  
8. FURTHER POSSIBILITIES FOR STUDYING THE IMPACTS OF 
INFORMATION TECHNOLOGY 
The numbered p ro j ec t  proposals  de t a i l ed  i n  the  previous sec t ions  
a r e  simply i nd i ca t i ve  of t h e  types  of work which could reasonably 
be undertaken by t h e  ITS a s  it now stands;  and - i f  undertaken 
- would bu i l d  up t h e  b a s i s  and breadth of t h e  expe r t i s e  o f  t h e  
s t a f f  while cont r ibut ing  s u b s t a n t i a l l y  t o  the  understanding and 
quan t i f i c a t i on  of t h e  growing mutual impacts o f  t r anspo r t  and 
telecommunications. A few of these  research ideas  a r e  s p e l t  ou t  
i n  de t a i l ed  form i n  an Annex t o  t h i s  r epor t  ( I T S  Technical Note 
126: Wigan 1983i) .  In  p a r t  8 .1  of t h i s  sec t ion  we comment on 
t h r e e  p ro j ec t s  i d e n t i f i e d  t he r e ;  t h a t  e labora te  on t h e  d iscuss ion 
i n  Section 5 of t h i s  r epo r t .  In  the  remaining p a r t s ;  w e  comment 
on a  number of o the r ,  r e l a t e d ;  p o s s i b i l i t i e s .  These add i t iona l  
i tems a r e  f a r  from comprehensive; and a r e  simply a  s e l ec t i on  of 
t h e  more obviously appropr ia te  f i e l d s  where a t t e n t i o n  may be 
turned within a  t r anspo r t  and communications group; t o  enable the  
development of a  broad and soundly based programme of research.  
8.1 THE IMPACTS ON PERSONAL LIFE-STYLES 
Following the discussion in Section 5, the Annex (TNl26), 
proposes three investigations for obtaining insights into 
personal life-styles and expenditures from analyses of already 
available mass data. These should be seen as a capital investment 
in fundamental information, and used to underpin more specific 
investigations. The analyses should be executed as part of a 
research programme covering transport; communications, 
accessibility and market segmentation aspects. This would provide 
a solid country-wide basis for generalising and assessing the 
outcome of future studies. For these projects; time series data 
is available for: 
(a) the Family Expenditure Survey series: 
(b) the General Household Survey series: 
(c) the BBC Time use survey series. 
The first two should be investigated immediately; and some of 
the simple first-cut findings from the aggregated published data 
are given in Wigan (1983e); which is reproduced as part of the 
accompanying report. Work on the BBC time use datasets should be 
delayed until Dr Gershuny is able to release to the ITS team the 
three fully validated survey data tapes he has created as part of 
his work on employment issues. The 1983-4 Time Use survey is now 
in progress; and the results of this will contain data on the 
impacts of Video games; Video Records; Video tapes; home 
computer; Prestel; TeleText and other competing uses of the 
Television and time now becoming significant. It is therefore 
appropriate to delay the initiation of that project; perhaps 
until the 1983-4 data is due to become available. 
These investigations could compare lifestyle changes; home 
working and workforce participation rates with similar findings 
from those of previous decades. 
8.2 THE IMPACTS ON BUSINESS TIME USE 
The value of time is a key transport evaluation issue; and the 
marginal utility of the new methods of conducting business can 
confidentally be expected to enhance the value of small units of 
time saved (due to the greater opportunities to make use of it by 
telecommunications or by means of in-situ text-recording). 
Business time use is an issue in its own right; and deserves 
specific attention. The factors involved include location of both 
activities and business operations: interchanges between 
suppliers; customers; support; and business services themselves: 
proximity influences; and the possible abrogation of the normal 
exponential decline in interchanges with distance; the range of 
business catchment of customers and the reciprocal effects of 
size of area included in customer choice sets. This latter issue 
is a key datum for teleshalap.ing assessments ; and is peculiarly 
well suited to present ITS skills; as the choice set and joint 
mode/destination choice issues have recently proved to be 
amenable to disaggregate individual choice model techniques. 
Thus : 
REC.13) ITS should propose studies of customer and business 
choice set behaviour; and of catchment definition; for 
areas where teleshopping is being tried out. The 
techniques developed for transport analysis should be 
used as a basis for market size assessment and the 
analysis of consumer response; and possibly for 
prediction. - 
8.3 THE IMPACTS ON INVESTMENT AND LOCATION DECISIONS 
The factors controlling catchment and servicing costs can 
sometimes control investment and location decisions. It is still 
not clear if business location and service decisions drag 
household locations after them; or if they follow them. 
Teleshopping; telebanking; and the time patterns and frequencies 
of involvement in these activities can readily be extracted from 
transport household survey data sources (see Wigan; 1983e). The 
more general effects of developing residential applications of 
telecommunications services were covered from a conununications 
perspective by Short (1978); but; not having been covered from a 
transport/activity viewpoint; a substantial fraction of the 
issues ,of concern for movement and location planning were 
omitted. The overall document (Smith; 1978) is still a reasonable 
introduction to this area; though as time proceeds an increasing 
number of errors of omission may be found. 
Decentralisation costs are now declining; and major firms 
are leaving central city locations for more pleasant environs. 
Given the inevitability of some loss of staff when a re-location 
occurs; the choice of such destinations is influenced to a degree 
by the inclinations of the senior executives and workers which 
the companies wish to retain. This would suggest that the greater 
freedom from physical location limitations may exacerbate the 
employment location problems of those cities with less pleasant 
environs. This may be worth pursuing as a transport/planning 
issue in its own right. 
The shifts in office location and real estate which might 
arise as IT changes the manner of executing work are probably 
best ,dealt with as secondary effects rather than at the initial 
stage. Certainly the influence of IT factors has been noted by 
major real estate and property firms already. 
8.4 THE IMPACTS ON EDUCATION 
Education is a major market for almost all IT services. This 
could be expanded conside.z.ably beyond the few points raised in 
these  pages; and many examples of s a t e l l i t e  app l ica t ions  t o  
remote areas ;  such a s  t o  t h e  Pac i f i c  Is lands  and outback 
Austral ian a reas ,  could be l i s t e d  (See Semahu; 1982, f o r  
example). The i s sue  of g r ea t e r  p r a c t i c a l  i n t e r e s t  from a 
t ranspor t  s tance i s  t h a t  of handicapped and ESN education; where 
I T  a i d s  a r e  having a major and pos i t i ve  impact on both t h e  
q u a l i t y  and t h e  loca t ion  of provision of spec i a l  education and 
remedial a i d .  Welfare and soc i a l  services  t r anspo r t  movements a r e  
subs t an t i a l ;  and t h i s  small but  spec i f i c  sec to r  may be worth a t  
l e a s t  an o u t l i n e  assessment a t  an e a r l y  s tage .  
8.5 THE IMPACTS ON CONFERENCE AND CONVENTION ORGANISATION 
One of  t h e  l a r g e r  of  t h e  new se rv ice  businesses i s  t h a t  of 
Convention and Conference organisat ion.  These a r e  now a major 
business;  with subs t an t i a l  impact on t h e  t r a v e l  market. This 
business i s  a l ready making s iogn i f ican t  use of computer aided 
conferencing and mail systems. It would be worthwhile using t h i s  
segment of t h e  ove ra l l  telecommunications market t o  assess  t h e  
cos t  e f fec t iveness  of these  a i d s  i n  both business and t r a v e l  
terms. The a c t i v i t i e s  of these  organisa t ions  a r e  a l s o  worthy of 
s p e c i f i c  a t t en t i on  i n  t h e i r  own r i g h t ;  because of t h e i r  inf luence 
on t r a v e l  pa t t e rn s ;  loca t ions  and frequencies.  
The a i r l i n e s  a r e  s t rongly  associated with t h e  conference 
market; and a r e  well  aware of the  impacts of improved 
communications on t h e i r  most p r o f i t a b l e  market segment - t h a t  of 
business t r a v e l .  A f a i r l y  small but  ca r e fu l l y  s t ruc tu red  survey 
of choice s e t s  and revealed preference f o r  t h i s  market would be a  
useful  p iece  of work. Idea l ly ;  longer haul des t ina t ions  would be 
covered a t  a  higher  sampling r a t e ;  and an a i r l i n e  with a  high 
proportion of long haul f l i g h t s  (such a s  Pan Am; o r  Qantas)  would 
be t h e  most s u i t a b l e  f o r  such a p i l o t  study. 
8.6 THE IMPACTS ON THE ENTERTAINMENTS INDUSTRY 
The impacts of t h e  entertainment indust ry  a r e  extremely 
i n t e r e s t i n g .  A s  l e i s u r e  (voluntary  and enforced) increases ;  t h e  
influence of  mass spec tac les  such a s  foo tba l l  matches; of bulk 
entertainment such a s  cinema; and of non-part icipat ive events 
such a s  horse and greyhound racing ( e s s e n t i a l l y  b e t t i n g  veh ic les )  
on the  loca t ion  and t r a v e l  behaviour of .the population can 
c e r t a i n l y  be expected t o  change. This has a  number of e f f e c t s  on 
t r anspo r t  and t r a f f i c  generat ion;  both a t  home and a t  sport ing 
venues. Planning f o r  rec rea t ion  i s  a rap id ly  growing indust ry ;  
and induces many non-home based trips---the bane of t r anspor t  
forecas t ing t o  many ana lys t s .  Recreational t r a v e l  a s  a  whole i s  
severe ly  under-researched i n  any very systematic manner; and so 
t h e  influences of I T  on rec rea t iona l  and spo r t s  pa r t i c ipa t i on  
behaviour and loca t ion  a r e  l i k e l y  t o  s t a r t  from a f a i r l y  weak 
base. This i s  not  a  reason f o r  ignoring t h i s  aspect  o f  t h e  
changing nature  of non-work t r a v e l  and a c t i v i t i e s .  Some 
suggestions a s  t o  how thes.a. .effects might be approached from t h e  
transport and participation frequency aspects are given by Wigan 
(1981a) . 
8.7 THE DEMAND FOR 'IT' PRODUCTS 
The use of transport demand analysis and choice models in the 
forecasting of the demand for IT equipment, and market analysis 
of this volatile market segment; would be a suitable area of 
application of Institute skills; but not essentially an issue of 
either transport or communication interest - more of commercial 
concern. Some applications to analyse choices and determine 
market segments could however help to establish a firmer basis 
for subsequent work on a more central theme with appropriate 
organisations and firms. 
9. SUMMARY 
This review of the way in which research issues in information 
technology; communications and transport come together; has been 
undertaken to help promote suitable changes in emphasis in 
transport research. This should help ensure that the productivity 
benefits of I T  are reaped in the course of the research; and to 
ensure that relevant and timely projects are undertaken. In this 
way; the relevance and usefulness which has long been the 
hallmark of much of the work on transport and traffic planning 
will be effectively maintained as the scope of that work widens. 
10. REFERENCES 
ALLPORT; R; and GWILLIAM; K.G. (1980). Framework for the study. 
Technical   is cuss ion Paper; FAST project on Transport; Leeds 
University; UK. (unpublished). 
ALLPORT; R. and GWILLIAM; K.G. (1981a). First Interim Report. 
Technical Discussion Paper; FAST project on Transport; Leeds 
University; UK. (unpublished). 
ALLPORT; R. and GWILLIAM; K.G. (1981b). The scenarios. Technical 
Discussion Paper; FAST project on Transport; Leeds University; 
UK. (Unpublished) . 
ALLPORT; R. and GWILLIAM; K. G. (1981~). The demand for freight 
transport. Technical Discussion paper; FAST project on Transport; 
Leeds University; UK. (Unpublished). 
ALLPORT; R. and GWILLIAM; K.G. (1981d). The demand for passenger 
transport. Technical Discussion Paper; FAST project on Transport; 
Leeds University; UK. (Unpublished). 
ALLPORT; R. and GWILLIAM; K.G. (1981e). Second Interim Report. 
Technical Discussion Paper; FAST project on Transport; Leeds 
University; UK. (Unpublished). 
ALLPORT; R. and GWILLIAM; K. G. (1981f) . RhD Options and 
priorities within the transport sector. Technical Discussion 
Paper; FAST project on Transport; Leeds University; UK. 
(Unpublished) . 
ALLPORT; R. and GWILLIAM; K.G. (1981g). Research towards a better 
understanding of demand. Technical Discussion paper; FAST project 
on Transport; Leeds University; UK. (Unpublished). 
ALLPORT; R. and GWILLIAM; K.G. (1982a). Research to improve 
capabilities for forecasting long distance traffic. Technical 
Discussion Paper; FAST project on Transport; Leeds University; 
UK. (Unpublished) . 
ALLPORT; R. and GWILLIAM; K.G. (1982b). Research to incorporate 
uncertainty in transport planning procedures. Technical 
Discussion Paper; FAST project on Transport; Leeds University; 
UK. (Unpublished). 
ALLPORT; R. and GWILLIAM, K.G. (1982~) . The organisation of 
strategic transport research. Technical Discussion Paper; FAST 
project on Transport; Leeds University; UK. (Unpublished) 
ALLPORT; R. and GWILLIAM; K.G. (1982d). Long term options and 
forecasts for transport in Europe; Summary Report. FAST project 
on Transport; Leeds University; UK. 
ALVEY (1982). Advanced Information Technology. HMSO; London; UK 
( 7 8 ~ ~ ) .  -. . 
BACSICH; P.D. (1981a). The Open University ViewData system. Optel 
Report 9; Faculty of technology; Open University; Milton Keynes; 
U.K. (30pp). 
BACSICH; P.D. (1981b). Optel in context. Optel Report 10; 
Faculty of Technology; Open University; Milton Keynes; U.K. 
(27pp) . 
BACSICH; P.D. (1981~). Optel Operational and user manual. 
Department of Technology; Open University; Milton Keynes; U.K. 
( 4 0 ~ ~ .  ) - 
BACSICH; P.D. (1982). ViewData Processing: a coherent approach. 
Optel Report 12; Faculty of Technology; Open University; Milton 
Keynes; U.K. (38pp) . 
BAKONYI; P. ; KISS; I. ;PETRENKO; A. and SEBESTYEN; I. (1981). 
Promotion of East-West computer communication in IIASA's 
International Environment and the Hungarian Case Study. CP-81- 
012; IIASA; Laxenburg; Austria. 
BARNARD; P.O. (1981). The Adelaide travel demand and time 
allocation study: questionnaire forms; Interviewers and coding 
manuals. Internal Report AIR 352-2. Australian Road Research 
Board; Vermont; Victoria; Australia. (121pp.). 
BARNARD; P.O. (1982). Some simultaneous discrete choice 
mode/destination models for food shopping activities. Internal 
report AIR 352-3. Australian Road Resaerch Board; Vermont; 
Victoria; Australia.(52pp.). 
BRITISH BROADCASTING CORPORATION. (1939). Listeners living 
habits. Report ~ ~ / 8 6 ;  London; UK. 
BRITISH BROADCASTING CORPORATION. (1948). Television Enquiry: 
Part 111. Report ~~/49/1073; London; UK. 
BRITISH BROADCASTING CORPORATION (1950). Television Enquiry: 
Report ~~/51/192; london ; UK. 
BRITISH BROADCASTING CORPORATION (1952). The availability of 
listners and viewers. IN BBC. The Audience Research Reference 
Book; London; UK. 
BRITISH BROADCASTING CORPORATION (1953). Viewing by minors (5 
10 year olds). Report ~~/54/1658; London ; UK. 
BRITISH BROADCASTING CORPORATION (1954). Viewers; Viewing and 
Leisure. Report ~~/53/300; London; UK. 
BRITISH BROADCASTING CORPORATION (1965). The peoples activities. 
London; UK. 
BRITISH BROADCASTING CORPORigCION (1978). The people's activities 
and use of time. BBC; London; U.K. (693pp.). 
BRITISH TELECOM (1982a) . Strategic modelling in British 
Telecom. (12pp.). 
BRITISH TELECOM (198233). National Opinion Polls Telephone Usage 
Survey: Survey Forms and Coding Frames; BT; Cambridge; UK. 
(Unpublished) . 
CENTER FOR MASS COMMUNICATION RESEARCH. (1981). A study of 
Communication behaviour; Long Range Intelligence Division; 
British Post Office; U.K. (IlOpp.). 
CENTRAL STATISTICAL OFFICE (1979). Price index numbers for Curent 
Cost Accounting. Issue 12; HMSO; London; U.K. (142pp.). 
CENTRAL STATISTICAL OFFICE (1982). National Income and 
Expenditure; 1982 Edition. Ed. NEWMAN; K.J.; HMSO; London; U.K. 
(134pp.). 
CHU; C.C.; and HERMON; P. (1982). Information seeking. Neal 
Schumann; USA. (205pp) . 
CLARK; D. (1978). The spatial impact of telecommunication. IN 
SMITH; R. (1978). pp 85-128. 
CLARK; K.L; ENNALS; J.R.; and McCABE; F.G. (1981). A MicroPROLOG 
Primer; Logic Programming Associates; London; UK. 
CLARK; K.L; and McCABE; F.G. (1982). PROLOG: a language for 
implementing expert systems. IN HAYES; J.E.; MICHIE; D.;and 
PA0;Y-H. (~ds) . Machine Intelligence 10. Ellis Horwood; 
Chichester; Sussex; UK. (pp 455-476). 
CLOCKSIN; W.F.; and MELLISH; C.S. (1981). Programming in PROLOG. 
Springer-Verlag; Berlin; W. Germany. 
COLLEY; W.C. I11 (1980). 6800 Cross-Assembler Rev 2.1. BDSAC User 
Group; USA. (2 2pp. ) . 
COMMISSION OF THE EUROPEAN COMMUNITIES (1982). The FAST 
programme. (2 Vols).(278pp;118pp). CEC; Brussels; Belgium. 
COX; P.R.; and BROUGHTON; R.K. (1982). Micro Expert Users Manual 
V 2.1.1. ; ISIS Systems; RedhilljSurrey; UK. (49pp.). 
COELHO; H; COTTA; J.C. and PEREIRA; L.B. (1980). HOW to solve it 
with Prolog. Laboratorio Nacional de Engenharia Civil; Lisbon; 
Portugal. (215pp.) . 
CRITTLE; J.; and JOHNSON; L. (1980). BLOGIT: Users Manual and 
Guide. Technical Manual ATM9; Australian Road Research Board; 
Vermont; Virginia; Australia (66pp). 
DAVIS; R.H.; RINALDI; C.;-..and NEVES;J. (1982). Evaluation of 
a l t e r n a t i v e  microcomputer systems f o r  r e t r i e v a l  of s c i e n t i f i c  
references .  OnLine Review 6 ( 6 )  539-544. 
DEPARTMENT OF EMPLOYMENT (1981).  Family expenditure survey annual 
base tape  1980. S t a t i s t i c s  Division; DEP; London; UK. (79pp.).  
DEPARTMENT OF EMPLOYMENT (1982).  Family expenditure survey 1980; 
HMSO; London; UK. (180pp.). 
De VOS; K. (1982a).  The ARRB road roughness da ta  acqu i s i t ion  
system RGDAS. In t e rna l  Report A I R  807-12; Aust ra l ian  Road Research 
Board; Vermont ; Vic tor ia ;  Aus t ra l i a .  (39pp).  
De VOS; K. (198213). The ARRB c a s s e t t e  reading s t a t i o n  Version 1. 
In t e rna l  Report A I R  807-19; Austral ian Road Research 
Board; Vermont; Vic tor ia ;  Aus t ra l i a .  (25pp.) . 
DICKEY; J . W .  (1983).  Computer consul tant  Systems. Virgin ia  
Polytechnic; Blacksburg; USA. (20pp. ) . 
DICKEY; J . W . ;  MUMBY; E. ;  and DOUGHTY; J. (1983).  A computer 
consul tant  system f o r  assess ing housing cooperat ives.  Paper 
fo r t he  In t e rna t i ona l  Symposium on new Direct ions i n  Urban 
Modelling; Universi ty of Waterloo; Ontario; Canada.(Unpublished, 
J u l y  1983). 
DOUBLEDAY; C.F. (1982).  The In tegra ted  communications demand 
model. Technical Report C U E D / F - c A M s / T R ~ ~ ~ ;  Management Systems 
group; Engineering Department; Cambridge Universi ty;  UK. (32pp.) .  
DOUGHERTY; W.G.;  JONES; G.B.;  and ENGEL; G.R. (1971). Sensory 
i n t eg ra t i on  of audi tory  and v i s u a l  information. Can. 3. Psych. 
(25)  476-485. 
DUDA; R. ; GASHNIG; J. ; and HART; P. (1979) . Model design i n  the  
PROSPECTOR consul tant  system f o r  mineral explora t ion .  I N  M I C H I E ,  
D. (Ed.) Expert systems i n  t h e  microelectronic age. Edinburgh 
Universi ty Press;  UK. pp 154-167. 
DUMBLE; P.L.; MORRIS; J . M . ;  and WIGAN; M.R. (1979).  
Access ib i l i ty  i nd i ca to r s  and t ranspor t  planning. Trans . R e s .  
13A(2) 91-109. 
DUNN; A.S. (1982).The SERCNET switchstream gateway: Users Guide. 
Computing Division; Rutherford Appleton Laboratory; UK. (19pp). 
ENNALS; J . R .  (1981).  History and computing: a c o l l e c t i o n  of 
papers 1979-81. DOC 81/22; Department of Computing; Imperial 
College; London; UK. 
ENNALS; J . R .  (1982).  Logic a s  a computer language f o r  chi ldren:  
core mater ia ls .  DOC 81/6 (Revised);  Department of Computing, 
Imperial  College; London; UK. (128pp.). 
ENNALS; 3. R. (1983) . Be-ginning MicroPROLOG. E l l i s  Horwood, 
Sussex ;  UK. ( 1 9 2 p p )  . 
EXPERT SYSTEMS LTD ( 1 9 8 2 ) .  PROLOG C l a u s e  E d i t o r :  U s e r  M a n u a l  
V e r s i o n  2. O x f o r d ;  UK. ( 1 4 p p . ) .  
EXPERT SYSTEMS L T D  ( 1 9 8 3 ) .  PROLOG-1: L a n g u a g e  R e f e r e n c e  M a n u a l  
I s s u e  1.1. O x f o r d ;  UK. ( U n p a g i n a t e d ) .  
FROGBANK; P . E . ;  ZIMMER; R . ;  and ZORK0CZY;P.  ( 1 9 8 0 ) .  R e p o r t  on the 
eva lua t ion  of the O P T E L  p i l o t  s y s t e m .  O p t e l  R e p o r t  7; Facul ty  of 
T e c h n o l o g y ;  O p e n  U n i v e r s i t y ;  M i l t o n  K e y n e s ;  U.K. ( 4 1 p p ) .  
GASHNIG; J . G .  ( 1 9 8 2 ) .  A p p l i c a t i o n  of the PROSPECTOR s y s t e m  t o  
geological explorat ion p r o b l e m s .  I N  HAYES; J . E . ;  M I C H I E ;  D. and 
PAO; Y-H. ( E d s . )  M a c h i n e  In te l l igence 10. E l l i s  H o r w o o d ;  Sussex,  
UK. pp 301-324. 
GERARDIN; L. ( 1 9 8 1 ) .  The E . 1 . E . S .  T e l e c o n f e r e n c i n g  n e t w o r k :  a 
u s e r s  v i e w p o i n t .  I N  CSABA; L . ;  SZENTIVANYI;  T .  TARNAY; K. 
N e t w o r k s  f r o m  the u s e r s  po in t  of v i e w .  N o r t h - H o l l a n d .  pp 6171627. 
GERSHUNY; J.I.; and THOMAS; G . S .  ( 1 9 8 1 ) .  Social change and the  
use of t i m e  i n  the UK: 1961-74/5. T e m p s  Libre ( 4 )  115-134. 
GERSHUNY; J.I. ( 1 9 8 2 a ) .  C h a n g i n g  use of t i m e  i n  the  U n i t e d  
K i n g d o m  : 1937-1975; the Self-service area. SPRU; 
Sussex U n i v e r s i t y ;  UK ( 2 9 p p )  [TO appear i n  " S t u d i e s  of 
B r o a d c a s t i n g "  i n  19831. 
GERSHUNY; J.I. ( 1 9 8 2 1 3 ) .  Social  innovat ion:  changes i n  the m o d e  
of provision of services. F u t u r e s  ( D e c ) .  
GERSHUNY; J.I. ; and M I L E S ;  I. ( 1 9 8 2 ) .  Service e m p l o y m e n t :  
t r ends  and prospects. F A S T  Paper N o  4; B r u s s e l s ;  EEC;  B e l g i u m .  
GERSHUNY; J.I.; and M I L E S ;  I. ( 1 9 8 2 ) .  the n e w  service 
e c o n o m y :  the t r a n s f o r m a t i o n  of e m p l o y m e n t  i n  i n d u s t r i a l  
e c o n o m i e s .  P i n t e r ;  L o n d o n  ( F o r t h c o m i n g ) .  
G I L B E R T ;  G.N.; DALE; A . ;  and ARBER; S. ( 1 9 8 2 a ) .  T h e  C r o s s l i n k e r :  
a c o m p u t e r  p r o g r a m  for the ana lys i s  of hierarchical data 
sets u s i n g  nonihierarchical  ana lys i s  packages. S S R C  D a t a  
Archive B u l l e t i n  ( 2 2 )  pp 7-10. 
G I L B E R T ;  G.N. ;  DALE; A . ;  and ARBER; S. ( 1 9 8 2 3 3 ) .  The C r o s s l i n k e r :  
U s e r  M a n u a l .  ( U n p u b l i s h e d ) ;  U n i v e r s i t y  of Surrey; UK. 
GODDARD; J. and PYE; R. ( 1 9 7 8 ) .  T e l e c o m m u n i c a t i o n  and the off ice  
e n v i r o n m e n t .  I N :  SMITH;  R .  ( E d . ) .  pp 1 6 9 - 2 2 6 .  
GOLDSMITH; L.H.  ( 1 9 8 0 ) .  C o r p o r a t e  c o m m u n i c a t i o n s  us ing  the Sharp 
A P L  MAILBOX. Proc. 1980 A P L  U s e r  M e e t i n g ;  1.P.Sharp; T o r o n t o ;  
C a n a d a .  ( 1 8 p p .  ) . 
GOODHART, G . J . ;  EHRENBURG; A .S .C . ;  and COLLINS;  M.A. ( 1 9 7 5 ) .  The 
+ .  
t e l e v i s i o n  audience:  p a t t e r n s  o f  viewing.  Saxon House; Lexington;  
USA. 
GREGORY; P. (1978 ) .  Telephones i n  a w e l f a r e  state. I N :  SMITH; R. 
(Ed . ) .  pp 227-244. 
GUNN; H.F. (1981 ) .  An a n a l y s i s  o f  t r a v e l  budge t s  i n t o  mandatory 
and d i s c r e t i o n a r y  components. PTRC Ann. Summer Meeting;  Warwick. 
PTRC ; London; U.K. 
GURNSEY; J. (1982 ) .  E l e c t r o n i c  document d e l i v e r y  111: E l e c t r o n i c  
p u b l i s h i n g  t r e n d s  i n  the United S t a t e s  and Europe. Learned 
In format ion ;  Oxford; UK. (54pp;) . 
HANSELL; K. J.,  GREEN, D.;  and ERBRING; L. ( 1 9 8 2 ) ;  
Videoconferencing i n  American b u s i n e s s :  p e r c e p t i o n s  o f  b e n e f i t  by  
u s e r s  o f  intra-company sys tems.  S p e c i a l  Supplement; TeleSpan 
News L e t t e r  (May311 12pp. 
HENSHER; D.A. ( 1 9 7 9 ) .  Towards a d e s i g n  o f  f u t u r e  
te lecommunicat ions  s u p p l y  o p t i o n s ,  t h e  c o n t r i b u t i o n  o f  u s e r  
requ i rements .  Economic and F i n a n c i a l  S t u d i e s  Working Paper  191; 
MacQuarie Un ive r s i t y ;  North Ryde; NSW; A u s t r a l i a .  ( 3 3 p p . ) .  
HILTZ; S.R. (1981 ) .  The impact  o f  a computer ised confe renc ing  
sys tem on t h e  p r o d u c t i v i t y  o f  s c i e n t i f i c  r e s e a r c h  communities.  
F i n a l  Report  NST-MCS-77-27813; Na t iona l  Sc i ence  Foundation;  
Washington; USA. (446pp.) . 
HILTZ; S.R. (1982)  The impact  o f  a  computer ised confe renc ing  
sys tem on t h e  p r o d u c t i v i t y  o f  s c i e n t i f i c  r e s e a r c h  communities.  
Behaviour and In fo rma t ion  Technology l ( 2 )  pp 185-195. 
HILTZ; S.R.; JOHNSON; K.  ; ARONOVITCH; C. and TUROFF; M. (1980) .  
Face  t o  f a c e  v Computerised confe rences :  a  c o n t r o l l e d  exper iment .  
Research r e p o r t  12;  Computerised Conference Cent re ;  New J e r s e y  
I n s t i t u t e  o f  Technology; N J ;  USA. (312pp . ) .  
HILTZ; S.R.; and TUROFF; M. (1978) .  The Network Nation.  Addison - 
Wesley; London; U.K. (528pp) .  
HILTZ; S.R. and TUROFF; M .  ( 1981 ) .  The e v o l u t i o n  o f  u s e r  
behav iour  i n  a computer ised con fe r enc ing  system. Comms ACM 24(11)  
pp 731-751. 
INSTITUT FUR PLANUNGS UNT ENTSCHEIDUNDGS SYSTEM. (1980 ) .  Computer 
con fe r enc ing  sys tem KOMEX. V 2.0 User handbook. G e s e l l s h a f t  f u r  
Mathematik und Datenvera rbe i tung  MBH; Bonn; W. Germany. ( 43pp . l .  
JOHANSEN; R.; LININSKI; H . ;  and ADLER; R. (1982) .  The HUB 
P r o j e c t :  computer ba sed  s u p p o r t  f o r  group problem s o l v i n g .  Report  
R-51; ~ n s t i t u t e  f o r  the Fu tu re ;  Menlo Park;  USA. (216pp) .  
JOHNSON-LENZ; P&J. ( 1980 ) .  Guide t o  t h e  TOPICS system. 
Research Report  13 .  Computerised Conferencing and Communications 
C e n t r e ;  N J I T ;  N e w a r k ;  N J ;  USA. ( u n p a g i n a t e d ) .  
KERR; E . ;  TUROFF; M. and JOHNSON-LENZ; P & T .  ( 1 9 8 2 ) .  U s e r s  Manual 
for  the E l e c t r o n i c  I n f o r m a t i o n  E x c h a n g e  S y s t e m .  R e s e a r c h  R e p o r t  
17. C o m p u t e r i s e d  C o n f e r e n c e  and C o m m u n i c a t i o n s  C e n t r e j N e w  Jersey 
I n s t i t u t e  of T e c h n o l o g y ;  323 H i g h  S t ;  N e w a r k ;  N J . ;  USA. ( 8 0 p p . ) .  
KERR; E.; and HILTZ;  S .R .  ( 1 9 8 2 ) .  C o m p u t e r  m e d i a t e d  c o m m u n i c a t i o n s  
s y s t e m s :  S t a t u s  and eva lua t ion ;  A c a d e m i c  Press; NY; USA. 
LABADI; A.  ( 1 9 8 1 ) .  I I A S A ' s  G a t e w a y  s y s t e m  and e x p e r i m e n t s  i n  
d a i l y  operation. WP-81-037,  I I A S A ;  L a x e n b u r g ;  A u s t r i a .  
LABADI; A . ;  and SEBESTYEN; I. ( 1 9 8 1 ) .  T h e  ro le  of the TPA-70 
G a t e w a y - N e t w o r k  i n  p r o m o t i n g  transborder data  f l o w  i n  a n  
I n t e r n a t i o n a l  s e t t i n g .  WP-81-122;  I I A S A ;  L a x e n b u r g ;  A u s t r i a .  
LANE; J . E . ;  and MORRIS; J . M . M .  ( 1 9 8 3 ) .  H o u s e h o l d  expend i tu re s  i n  
A u s t r a l i a .  R e s e a r c h  R e p o r t  ARR 104. A u s t r a l i a n  R o a d  R e s e a r c h  
B o a r d ;  V e r m o n t ;  V i c t o r i a ;  A u s t r a l i a .  ( 5 2 p p . )  ( F o r t h c o m i n g ) .  
LATHROP; C . L . ;  and PEARSON; M.L. ( 1 9 8 1 ) .  TELECTR U s e r s  m a n u a l .  
I I A S A ;  2361 L a x e n b u r g ;  A u s t r i a .  ( 4 8 p p . ) .  
LLOYD; J . W .  ( 1 9 8 1 ) .  An i n t roduc t ion  t o  deduct ive data  base 
s y s t e m s .  T e c h n i c a l  R e p o r t  81/3 ( R e v  1 9 8 2 ) ;  D e p a r t m e n t  of 
C o m p u t i n g  Science; M e l b o u r n e  U n i v e r s i t y ;  V i c t o r i a ;  A u s t r a l i a .  
( 2 2 ~ ~ )  - 
LOVELESS; N.E . ;  BREBNER; J. and HAMILTON; P. ( 1 9 7 0 ) .  B i s e n s o r y  
presentat ion of i n f o r m a t i o n .  P s y c h . B u l 1 .  7 3 ( 3 )  161-199. 
MAYNES; E .S .  ( 1 9 8 2 ) .  P r e s t e l  i n  U s e .  N a t i o n a l  C o n s u m e r  C o u n c i l ;  
UK . 
MASUOKA; E .  J. ( 1982 ) . I m a g e  processing and personal c o m p u t e r s .  
P r o c .  S y m p .  on A d v a n c e s  i n  intrumentat ion for processing and 
ana lys i s  of p h g o t o g r a m m e t r i c  and r e m o t e l y  sensed data.  I n t .  
A r c h i v e s  of P h o t o g r a m m e t r y  V o l  24-11 p p 2 8 4 - 2 9 1 .  
MAURER; H.A. and SEBESTYEN; I. ( 1 9 8 1 ) .  " U n o r t h o d o x "  
V i d e o t e x  applicat ions:  T e l e p l a y i n g ;  T e l e g a m b l i n g ;  T e l e s o f t w a r e  
and T e l e c a n p u t i n g  . (WP-81-161;  I I A S A ;  L a x e n b u r g ;  A u s t r i a . )  
E l e c t r o n i c  publ i sh ing  R e v i e w ;  R e s e a r c h  R e p o r t  82.  
MAURER; H.A. ; RAUCH; W and SEBESTYEN; I. ( 1 9 8 1 a )  . On Alphabetic 
searching i n  V i d e o t e x  s y s t e m s .  P - 8 1 - 1 1  I I A S A ;  L a x e n b u r g ,  
A u s t r i a . )  E l e c t r o n i c  P u b l i s h i n g  R e v i e w  l ( 4 )  
MAURER; H.A.; RAUCH; W and SEBESTYEN; I.  ( 1 9 8 1 b ) .  V i d e o t e x  
m e s s a g e  service s y s t e m s .  (WP-81-113;  I I A S A ;  L a x e n b u r g ;  A u s t r i a . )  
E l e c t r o n i c  P u b l i s h i n g  R e v i e w  l ( 3 )  
MCCABE; F .G.  ( 1 9 8 1 ) .  Micro-PROLOG. P r o g r a m m e r s  reference M a n u a l .  
L o g i c  P r o g r a m m i n g  A s s o c i a t e s  .+ L t d .  ; L o n d o n ;  UK. ( 6 5 p .  ) . 
MORRIS; J.M.M. (1979) .  A family expenditure perspect ive  on 
t ranspor t  planning: Aust ra l ian  Evidence i n  context .  Trans. R e s .  
13(A) pp 249-285. 
MORRIS; J .M.M. ;  DUMBLE; P.L.;  and WIGAN; M.R. (1979).  
Access ib i l i ty  and t r anspo r t  planning. Trans. Res. 13(A) pp91-109. 
N J I T ;  N J  Dept. of Education. (1982).  Telecornmwications and 
higher  education. Conference b r i e f s .  N J I T ;  Newark; N J ;  USA. 
( ~ O ~ P P . ) .  
NORMAN; A. (1981).  Elec t ronic  document de l i ve ry  I: The ARTEMIS 
concept f o r  document d i g i t a l i s a t i o n  and te le t ransmiss ion.  Learned 
Information; Oxford; UK. 
OFFICE OF POPULATION CENSUSES AND SURVEYS (1973).  General 
Household Survey Schedules; Social  Survey Division; OPCS; London; 
UK. ( unpaginated) . 
OKKES; R.W and SCHOTTER; R. (1982).  On-board SAR ( syn the t i c  
aper tu re  radar )  processing. Proc. I n t .  Conf. Advances i n  
intrumentation f o r  processing and ana lys i s  of photogrammetric and 
remotely sensed da t a .  I n t .  Archives of Photogrammetry 24-11 pp 
561-574. 
PALME; J . R . ;  ARNBORGiS.; ENDERIN; L.; MEYERiC.; and THOLERUSiT. 
(1980). The COM Teleconferencing system; funct ional  
spec i f i c a t i on .  FOA 1 Report C 10164. 
PALME; J . R .  (1981). Experience w i t h  the use of t h e  COM 
computerised conference system FOA 1 Report C 10166E. 
PALME; J . R .  (1982a). COM and PORTACOM c m p u t e r  conference 
systems: h i s t o r y  and development. Stockholm Univers i ty  Computing 
Centre ( Q Z ) ;  Stockholm; Sweden. ( 3p ) .  
PALME; J.R. (198233). Interconnect ion of COM/PORTACOM conference 
systems. Swedish National Defense Research I n s t i t u t e ;  Stockholm; 
Sweden. (4pp. ) . 
PALME; J . R .  ( 1 9 8 2 ~ ) .  The COM and PORTACOM computer mail  and 
conference systems - summary o f  f a c i l i t i e s .  Stockholm Universi ty 
Computer Centre ;  Stockholm; Sweden. (2pp. ) .  
PALME; J; R. (1982d) . Computer conferencing i s  more than 
e l ec t ron i c  mail. Stockholm Univers i ty  Computer Centre; Stockholm; 
Sweden. (2pp. ) . 
PALME; J . R .  (1982e) E f f ec t s  o f  t he  COM computer conference 
system. Swedish National Defense Research I n s t i t u t e ;  Stockholm; 
Sweden (8pp) . 
PALME; J . R .  (1982f) .  The GILT CBMS interconnect ion s tandards 
in t roduct ion .  Stockholm Universi ty Computer Centre(Q2);  
-. . 
S t o c k h o l m ;  S w e d e n .  ( 6 p p . ) .  
P A W S ;  L. ( 1 9 8 1 ) .  L e a r n i n g  t o  C o n f e r :  the in te rp lay  of theory 
and practice i n  c o m p u t e r  conferencing. U n i v e r s i t y  of M i c h i g a n  
P r e s s ;  A n n  Arbor; USA. 
P A R T I C I P A T I O N  SYSTEMS ( 1 9 8 2 ) .  PARTICIPATE U s e r s  M a n u a l .  P S I ;  
B o s t o n ;  M a s s .  USA. ( u n p a g i n a t e d ) .  
PEARSON; M.L.; and KULP; J . E .  ( 1 9 8 1 ) .  C r e a t i n g  an adaptive 
c o m p u t e r i s e d  conferencing s y s t e m  on UNIX. I N  UHL1G;R.P.  ( E d ) .  
C o m p u t e r  M e s s a g e  S y s t e m ,  N o r t h  H o l l a n d ;  A m s t e r d a m ;  N e t h e r l a n d s .  
pp 129-143. 
PROBERT ; D.E. ( 1 9 8 1 a ) .  T o w a r d s  E x p e r t  S y s t e m s  for 
T e l e c o m m u n i c a t i o n s  P o l i c y  A n a l y s i s .  BCS C o n f e r e n c e  on E x p e r t  
S y s t e m s ;  L o n d o n ;  UK. ( 1 0 p p . )  . 
PROBERT; D.E. ( 1 9 8 1 b ) .  T h e  d e v e l o p m e n t  of a long range 
planning m o d e l  for the B r i t i s h  T e l e c o m m u n i c a t i o n s  bus iness :  
" f r o m  i n i t i a t i o n  t o  i m p l e m e n t a t i o n " .  J . O p l .  R e s .  Soc. ( 3 2 )  695- 
7 1 9 .  
PROBERT; D.E. ( 1 9 8 2 ) .  S u b j e c t i v i t y  i n  corporate m o d e l l i n g  for 
policy analysis .  UK O p e r a t i o n a l  R e s e a r c h  C o n f e r e n c e ;  B r i s t o l ;  UK. 
( 1 2 p p . ) .  
READ; G.A. ( 1 9 8 1 ) .  CYCLOPS: A versa t i l e  graphics s y s t e m .  AregOn 
and O p e n  U n i v e r s i t y ;  Milton K e y n e s ;  U.K. 6pp.l. 
RICHARDS; B.E. ( 1 9 8 0 ) .  The ARRB t r a v e l  t i m e  data acquis i t ion  
s y s t e m  AMBDAS. I n t e r n a l  R e p o r t  A I R  8 0 7 - 1 1 ;  A u s t r a l i a n  R o a d  
R e s e a r c h  B o a r d ;  V e r m o n t ;  V i c t o r i a ;  A u s t r a l i a .  ( 4 1 p p ) .  
SCHULTES; H.H. ( 1 9 8 2 ) .  6801 C r o s s  A s s e m b l e r  M a n u a l :  S u p p l e m e n t  t o  
6800 C r o s s - A s s e m b l e r  R e v  2.1 by i C o l l e y .  M e l b o u r n e ;  A u s t r a l i a  
( U n p u b l i s h e d )  . 
SEBESTYEN; I. ( 1 9 8 1 ) .  C o m p u t e r i s e d  m e s s a g e  sending and 
teleconferencing i n  an i n t e r n a t i o n a l  e n v i r o n m e n t - p r e s e n t  and 
f u t u r e .  I N  UHLIG; R .P .  ( E d . ) .  P r o c .  I F I P  TC-6 I n t .  S y m p .  on 
C o m p u t e r  Message S y s t e m s .  N o r t h  H o l l a n d ;  A m s t e r d a m .  pp103- 
114. ( E l e c t r o n i c  P u b l i s h i n g  R e v i e w  l ( 3 ) )  
SEUMAHU; E . S .  ( 1 9 8 2 ) .  PEACESAT AUSTRALIA P r o j e c t .  D e p a r t m e n t  of 
E l e c t r o n i c  and C o m m u n i c a t i o n  Science; L a T r o b e  U n i v e r s i t y ;  
V i c t o r i a ;  A u s t r a l i a .  ( 7  p p . ) .  
SHACKEL; B.  ( 1 9 8 2 ) .  T h e  BLEND s y s t e m  p r o g r a m m e  for the s tudy  of 
s o m e  ' e lectronic  j o u r n a l s ' .  E r g o n o m i c s  2 5 ( 4 )  269-284. 
SHANNON; C.Z.  ;and HENWOOD; F. ( 1 9 8 2 ) .  New i n f o r m a t i o n  technology 
and w o m e n s  e m p l o y m e n t .  Science P o l i c y  R e s e a r c h  U n i t ;  Sussex 
U n i v e r s i t y  ; U.K. ( f o r  CEC ( 1 9 8 2 )  FAST r e p o r t . )  
.-. .. 
SHARPLES; M. ( 1 9 8 2 ) .  An eva lua t ion  of the CYCLOPS t e l e w r i t i n g  
s y s t e m  for distance t u t o r i n g  of O p e n  U n i v e r s i t y  s tuden t s .  F a c u l t y  
of T e c h n o l o g y ;  O p e n  U n i v e r s i t y ;  Milton K e y n e s ;  U K . ( 7 p p . ) .  
SHORT; J. ( 1 9 7 8 ) .  R e s i d e n t i a l  t e l e c o m m u n i c a t i o n  applications: a 
general r e v i e w .  L o n g  R a n g e  In te l l igence  B u l l e t i n  N o .  6. ;  P o s t  
O f f i c e ;  C a m b r i d g e ;  UK. ( 3 0 p p . ) .  
SMITH; D.E. ( 1 9 8 0 ) .  TELEMAIL R e f e r e n c e  M a n u a l .  V o l  I.The B a s i c s .  
G T E - T e l e N e t ;  V i e n n a ;  V i r g i n i a ,  USA. ( 1 2 0 p p . )  
SMITH; R. ( 1 9 7 8 ) .  I m p a c t s  of T e l e c o m m u n i c a t i o n s  on P l a n n i n g  and 
T r a n s p o r t  . R e s e a r c h  R e p o r t  24; D e p a r t m e n t s  of E n v i r o n m e n t  and 
T r a n s p o r t ; L o n d o n ,  UK. ( 2 7 2 p p . ) .  
SOURCE TELECOMPUTING COMPANY ( 1 9 8 2 ) .  SOURCE U s e r s  M a n u a l .  STC; 
M a c L e a n ;  V i r g i n i a ;  USA. ( u n p a g i n a t e d ) .  
SPANGLER; K and V A L L E E j J .  ( 1 9 7 9 ) .  C o m p u t e r  m e e t i n g s .  USA ( 2 7 9 p p ) .  
SSRC DATA ARCHIVE ( 1 9 7 9 ) .  G e n e r a l  household survey  data  request  
notes. SSDA; E s s e x  u n i v e r s i t y ;  U.K. ( 2 5 p p ; ) .  
TANENBAUM; A.S .  ( 1 9 8 1 ) .  C o m p u t e r  N e t w o r k s .  P r e n t i c e  H a l l ;  N J ;  
USA. ( 5 1 7 p p . ) .  
TECHNICAL RESEARCH CENTRE OF FINLAND. ( 1 9 8 2 ) .  N a t i o n a l  V i e w D a t a  
s y s t e m s  as a basis for T e c h n i c a l  I n f o r m a t i o n  Services u s e .  
T e c h n i c a l  I n f o r m a t i o n  Service; T e c h n i c a l  R e s e a r c h  C e n t r e  of 
Finland;  V u o r i m i e h e n t i e  5 ;  SF-02150 E S P 0 0  15; Finland. 
TELECOM AUSTRALIA ( 1 9 8 2 ) .  S u b m i s s i o n  t o  the publ ic  inqu i ry  i n t o  
t e l e c o m m u n i c a t i o n s  services i n  A u s t r a l i a .  ( U n p a g i n a t e d ) ;  
Melbourne; A u s t r a l i a .  
THEUW1SSEN;A. ; V I T S ;  A. and VERMEIREN; J. P .  ( 1 9 8 0 )  . Analysis 
of t r a f f i c  f l o w  w i t h  a C C D - c a m e r a  and a m i c r o p r o c e s s o r .  
I N S P E C  Jou rna l  A ( 3 )  2 1  pp 112-115. 
TUROFF; M.; ENSLOVJ; P . ;  H I L T Z ;  S . R . ;  McKENDREE; J.; PANKO; R . ;  
SNYDER; D. and WILCOX; R.  ( 1 9 7 8 ) .  R e s e a r c h  options and 
i m p e r a t i v e s  i n  c o m p u t e r i s e d  conferencing. R e s e a r c h  R e p o r t  1 0 ;  
C o m p u t e r i s e d  C o n f e r e n c i n g  C e n t r e ;  New Jersey I n s t i t u t e  of 
T e c h n o l o g y ;  N e w a r k ;  N J ;  USA. ( 1 6 8 p p .  ) . 
TYLER; M. ( 1 9 7 8 ) .  I m p l i c a t i o n s  for t ransport .  I N  SMITH; R. 
( 1 9 7 8 ) .  pp 1 2 9 - 1 6 7 .  
VALLEE; J. and G I B E S ;  B. ( 1 9 7 6 ) .  D i s t r i b u t e d  m a n a g e m e n t  o 
s c i e n t i f i c  projects. T e l e c o m s .  P o l i c y .  l ( 1 )  pp 1-64. 
V a n  der HORST; A.R.A. ( 1 9 8 0 ) .  The u s e  of video techniques i n  
t r a f f i c  research. PTRC S u m m e r  A n n u a l  M e e t i n g  1980; S e m i n a r  K: 
T r a f f i c  and E n v i r o n m e n t a l  M a n a g e m e n t  (K) pp 1 7 9 - 1 9 0 .  
.. 
WIGAN; M.R. (1977).  (Ed i to r )  New techniques i n  t r anspo r t  systems 
ana lys i s .  Special  Report SR10; Austral ian Road Research Board; 
Vermont; Vic to r ia ;  Aus t ra l i a .  (277pp.) 
WIGAN; M.R. (1981a). Lifecycle impacts of changing r e a l  
t r anspo r t  c o s t s .  I n t e r n a l  Report A I R  380-1; Austral ian Road 
Research Board; Vermont; Vic to r ia ;  Aust ra l ia .  (21pp.).  
WIGAN; M.R. and MORRIS; J . M .  (1981). The t r anspo r t  implicat ions 
of a c t i v i t y  and time budget cons t r a in t s .  Trans. R e s .  15(A) pp 63- 
86. 
WIGAN; M.R. (1982a).  BASIC; FORTRAN; S-ALGOL and Pascal benchmarks 
on microcomputers; including t h e  e f f e c t s  of f l oa t i ng  point  
processor support.  Proc. Nat. Conf. Microcomputing; MICSIG; 
Austral ian Computing Society;  Canberra; ACT, Aust ra l i a .  
WIGAN; M.R. (1982b). Access t o  e lec t ron ic  conferencing and mail 
systems. Technical Paper TN 104; I n s t i t u t e  f o r  Transport Studies;  
Leeds Universi ty;  UK. (ARRB In t e rna l  Report A I R  1118-1; 
Austral ian Road Research Board; Vermont; Vic tor ia ;  Aus t ra l i a )  
(14pp).  (Revised a s  TN104.1 and incorporated a s  Chapter 5 of 
Wigan 1983h. ) 
WIGAN; M.R. (1982c.) Accident cos t ing  and indexat ion opt ions .  
Proc. 11th ARRB Conference 11 (5 )  pp233-245. 
WIGAN; M.R. (1983a).  Information technology and regional  
information systems. In NIJKAMP; P. and RIETVELD; P. (Eds) 
Information Systems f o r  In tegra ted  Regional Development. North- 
Holland; Amsterdam; Holland. ( I n  Press ) .  (Dra f t  t e x t  forms 
Technical Note TN113; and t he  revised t e x t  TN129 of t he  I n s t i t u t e  
f o r  Transport Studies;  Universi ty of Leeds; UK: t h e  l a t t e r  i s  
incorporated a s  Chapter 9 of Wigan 198311.) 
WIGAN; M.R. (198313). The e f f e c t  on t r anspo r t  demand of increased 
and economic access  t o  information. ARRB I n t e r n a l  Report AIR 
1118-2. Austral ian Road research Board; Vermont; Vic to r ia ;  
Aus t ra l i a .  (10pp). (Revised a s  Wigan (1983e).)  
WIGAN; M.R. ( 1 9 8 3 ~ ) .  Future impact of computer-based technology 
i n  engineering. I n t e r n a l  Report A I R  1118-3; Aust ra l ian  Road 
Research Board; Vermont; Vic to r ia ;  Aust ra l ia  (7pp) . (Also 
ava i l ab l e  a s  Technical Note TN130; I n s t i t u t e  fo r  Transport 
S tudies ;  Universi ty o f  Leeds; UK and incorporated a s  Chapter 3 of 
Wigan 1983h. ) 
WIGAN; M.R. (19838). Information technology and t r anspo r t  
systems: seminars and research proposals. Technical Note TN 117; 
I n s t i t u t e  f o r  Transport S tudies ;  Universi ty of Leeds; UK. 
(35pp.).  Superseded by Wigan (198311) and (1983i) .  
WIGAN; M.R. (1983e) Transport  and communications: information 
technology and household budget in te rac t ions .  Technical Note 128; 
I n s t i t u t e  f o r  Transport St.udies;  Universi ty of Leeds; UK. 
(Incorporated a s  Chapter 8 of Wigan (1983h). P r ep r in t  of paper 
submitted t o  World Conference on Transport Research; Hamburg; 
Apri l  1983.) 
WIGAN; M. R. (1983f) . Information technology and t ranspor t :  what 
research needs t o  be s t a r t e d  now? Working Paper 172; I n s t i t u t e  
f o r  Transport Studies;  Universi ty of Leeds; UK. (31pp).  (This  
document. Previously i n  d r a f t  form a s  Technical Note TN110; 
I n s t i t u t e  f o r  Transport Studies;  Universi ty of Leeds; U K . )  
WIGAN; M.R. (1983g). Transport and comunicat ions :  Information 
technology and household budget i n t e r ac t i ons .  CIB79 In te rna t iona l  
Working Party Conference; Universi ty of Waterloo; Ontario,  
Canada. (1 8pp) . 
WIGAN; M .  R. (1983h) . Information technology and t ranspor t :  
seminar papers and supporting documents. Working Paper WP 169. 
I n s t i t u t e  f o r  Transport S tudies ;  Universi ty of Leeds; UK. 
(10lpp) .  ( Incorpora tes  a s  Chapters severa l  Technical Notes l i s t e d  
separa te ly  he re .  Previously i n  d r a f t  form a s  TN117; I n s t i t u t e  f o r  
Transport Studies;  Universi ty of Leeds; U K . )  
WIGAN; M.R. (1983i ) .  Information technology and t ranspor t :  
research proposals.  Technical Note TN126; I n s t i t u t e  fo r  Transport 
S tudies ;  Universi ty o f  Leeds; UK. (6pp) .  (Previous ly  i n  d r a f t  
form a s  p a r t  of TN117; I n s t i t u t e  fo r  Transport S tudies ;  
Universi ty o f  Leeds; U K ) .  
WIGAN; M.R. (1983 j) Information systems and the  t r anspor t  
researcher .  Technical Note 127; I n s t i t u t e  f o r  Transport Studies;  
Universi ty of Leeds; UK. (19pp). (Incorporated a s  Chapters 6 and 
7 of Wigan 198311). 
WOOTTON; H.J.; and POTTER; R . J .  (1981).  Video recorders;  
microcomputers and new survey techniques. Traff .  Engng. Control 
22(4)  213-215. 
